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Description. 



Background. Mycobacterium tuberculosis is the bacterial agent responsible for human 
pulmonary tuberculosa. Almost one third of the world's population suffers from thisTn ectious 
disease. The M. tuberculosis bacillus is highly infectious and is spread by aerosob Snfeded 
individuals with active pulmonary disease. Over three million people die yearly from 
tuberculosis, the largest single infectious cause of mortality worldwide. Tuberculosis is still a 

epidemic. AIDS patients are highly susceptible to infection with M. tuberculosis and othe non 

htwiJ, 0818 ,^^ 0 " 3 ^"^ 31 S6,d0m infeCt indMduals with intact im ™ne systems Fo many 
bacteral pathogens the ability to produce proteinaceous adhesins in the form of hair-like 
structures, called pih, are an important pathogenic attribute since they mediate close interaction 
and colonization w.th host cells. However, in the case M. tuberculosis no pili stmcLres have 

Z^!^ * is sti " an eni9ma as t0 whether pili may ^ a L in ! 

on m t^H^' f ° r l he flrSt tit ?t' identified and P artial| y characterized pili-like structures 
on M tuberculosa stra.ns as 2-5-nm-wide fibers that associate into a highly hydrophobic 
meshwork of variable dimensions. These structures, herein called M. tubercle s P m (or 
Mtp), are produced m v,tro and were demonstrated to react with antibodies presen/in 
human convalescent sera obtained from tuberculosis patients. These novel findings are 
the bas,s for the present patent disclosure, and may have important implications inTe ms of 
immunoprophylaxis, prevention and diagnosis of this historically deadly disease. 

Molecular Mec hanism s of M . tuberculosis Pathogenesis Although tuberculosis is 
[T^^ there i a need 

m m °" formation on the basic molecular mechanisms of M. tuberculosis pathogenesis and 
the mechanisms of drug resistance and immunity to this pathogen. Key to tuberculosis 
pathogenesis is the ability of the bacilli to adhere and enter macrophages and possibly other 
host ce types to resist killing, and to replicate in these intracellular sites. The specific 
molecular mechanisms M. tuberculosis uses in these processes are unknown. But the recent 
isolate CDcTssi Ten^f™ ^V^T^ M ' tube ™losis H37Rv and the clinical 
microbial pathogen ™ ° Ur 9enera ' knowled 9 e of the genetics of this 

Bacterial Adherence. Adherence to host tissues is an essential and complex first staae 
for bactenal colonization for the establishment of bacterial infectious disease. In ma^y case 
adherence is mediated by one or more adhesins that can act simultaneously or in distinct steps 
of an infectious process. Adhesins, in the form of pili or outer membranes pLeins may ' 
mediate direct or indirect binding to host cells. A great deal of information is available in terms of 
P^on e a r Ki tl0n traff 'f '?i° f w tube ™'° sis within macrophages of the immune system It is 
reasonable to presume that the bacteria are able to express surface molecules devoted to the 
2 7 COgn ^' 0n ° f tl nique ° r COmm ° n reCeptor com P° n ents present on target tissues. 
f r eSS ' ( fn eC a ?? underlying the adherence properties of M. tuberculosis to the 

first line of epithelial cells before interacting with professional phagocytes are just beginning to 
be unraveled Analysis of the genome sequence of M. tuberculosis has revealed various genes 
£?w /° r P ? nS inV3SinS ' y6t "° fimbrial adnesins nave been described in M 

poS *h C ° nSeqUe ; Ce ' rt iS Sti " Unknown if tnese organisms colonize the respiratory ' 
epithelium of their human hosts prior to macrophage interaction in the alveolus. 

SUPPORTING DATA 

Data presented below show that M. tuberculosis is able to produce surface appendaaes 
resemb hng p.... The criteria for calling these structures pili are: 1) their morpKgyand 
d.mens.ons are s.mrlar to those of the pili of other bacteria, 2) using standard methods to 



isolate pili from other microorganisms, we have been successful in purifying these Dili 
Thl C i U nh S t M ' tuberculosis and 3 > Mt P bi "ds to extracellular matrix proteins (ECWI). 
These observations may open a new avenue to further understand the pathogenic 
mechanisms of this deadly human pathogen. Pyogenic 

1 ■ t Mycobacteriu m tube rculosis produces Dili stmr.h.rpc | n the course of 
u trastructura studies of pathogenic and attenuated strains of M. tuberculosis by negative 
s aining and transmission electron microscopy (TEM), we noted the presence of fibrillar 
structures resembling pili (also called fimbriae) when the bacteria were propagated under 
suitable laboratory growth conditions. Namely, cultures of various M. tuberculosis strains 
(avirulent H37Ra, virulent H37Rv and CDC1551) were grown on 7H1 1 agar plates containing 

b£. ? UTo W6 fn S ? 37 > A 'Lr rk With Vimlent M - ^culosis strains was done in the 
BSL-3 laboratory of Dr. Friedman. Plate grown bacteria were gently suspended in 4% 
formaldehyde and incubated overnight in a microfuge tube. The bacteria were negatively 
stained with 1% phosphotungstic acid (pH 7.4) on Formvar-coated copper grids and then 
tit™* ' n \ Pm !H e ' eCtr0n microsc °P e at 80 kV. All of the M. tuberculosis strains 
analyzed produced thin (2-5 nm-wide), aggregative, flexible hair-like appendages that protruded 
several microns away from the bacterial cell surface (Fig. 1A, B and C) The fine fibrillar 
structures, herein called M. tuberculosis pili or Mtp, tended to aggregate to each other 
forming a meshwork of variable dimensions that appeared associated with the bacteria or free in 

oHhPwPii 3 H artiC i Ul f n ? te ' th6Se fibrHiar Stmctures are morphologically reminiscent 

of the well-characterized curl, structures produced by some enteric bacterial pathogens Under 
these growth conditions, -5% of the bacterial cells present in the culture samples analyzed by 
TEM possessed pili. Studies were done to confirm that the pili structures observed were 
bacterial in nature and not artifacts present in the bacterial growth media employed We 
prepared electron microscopy grids with liquid medium or with water sitting on solid'aqar 
medium that had been incubated for the same time as inoculated cultures. In these control 
studies we did not observe any fibrillar structures, indicating that the fibers seen in M 
tuberculosis cultures were of bacterial origin. 

... . W? D we ?;J 'I]® 0 intere sted in studying the effect of culture conditions on the production of 
pili by H37Ra H37RV and CDC1551. To this aim, we used a panel of liquid and solid media 
(Table 1) for bacterial growth and qualitatively determined the level of pili production bv 
negative staining and TEM. M. tuberculosis strains were plated as a lawn and grown for a 
period of 3 weeks at 37 C in a 5% CO z atmosphere. M. tuberculosis broth cultures in 7H9 were 
grown for 2 to 3 weeks and GAS broth cultures were grown for 5 weeks until both reached an 
OD 650 of 1.50. The data summarized in Table 1 indicates that Mtp are likely controlled bv 
environmental stimuli since the level of pili production varied depending on the growth media 
used Further the qualitative analysis demonstrates that the avirulent strain of M. tuberculosis 
rl37Ra, has a diminished capacity to produce pili as compared to H37Rv and CDC1 551 
Strikingly, the greatest difference between virulent and attenuated M. tuberculosis was observed 
in broth grown cultures, where M. tuberculosis H37Ra produces nearly undetectable levels of 
pi ., while M tuberculosa H37Rv and CDC1551, the clinical isolate, produce the highest level of 
pili in the culture conditions tested. Ten to 25% of M. tuberculosis H37Rv and CDC1551 grown 
in either 7H9 or GAS broth contained pili as observed by TEM 

In conclusion, we have for the first time shown that M. tuberculosis produces pili 
structures and their production is under the control of environmental growth conditions. 

2 - P „ rodu f tio " of pili bv other Mycobacterium s pgrip* We the TEM ana | ysis 

to other Mycobacterium species, including M. bovis BCG, M. fortuitum (a clinical isolate) and M 
smegmatis strain 1-2c to determine the production of pili after growth under different culture ' 
conditions as done with M. tuberculosis. M. bovis BCG was grown as a lawn on 7H1 1 aqar 
plates conta.n.ng OADC for three weeks at 37°C, while M. fortuitum was grown in 7H9 broth 
containing glucose and Tween-80. M. smegmatis was grown in 7H9 broth 
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cultures with and without Tween-80, LB broth, on 7H10 agar plates with either glucose or 
glycerol, sheep blood agar, RPMMA agar, or on LB agar plates. 



Table 1. M. tuberculosis pili production on various media as observed by TEM 1 




All plate grown cultures -in rhe table were incubated in a 5% C0 2 atmosphere ' Very, limited 
■ growth was observed riv these conditions; : Tween 80 (Tiv): ■* glycerol-alanine salts (GAS) - 
me(han(5e) ). "** RPMMA (reduced phosphate modified minimal A)- agai is ^defined minimal 



We noted that all of these species were able to produce thin, flexible, pili when grown at 37°C 
(Fig. 1D, E and F). Interestingly, M. smegmatis produced long, semi-flexible pili structures that 
tended to aggregate laterally and form bundles or rope-like structures (Fig 1E). This is in 
contrast to M. tuberculosis strains that produced curli-like pili (Fig 1A-C). M. smegmatis 
produced pili regardless of the growth temperature (either at 25° or 37°C) and the composition of 
the media employed. However, the level of pili produced by M smegmatis was significantly 
higher in 7H9 broth supplemented with glucose, with or without Tween-80, and in Luria-Bertani 
broth. The M. smegmatis pili were also produced on solid media, albeit to a lesser extent than 
in liquid media. Growth in a 5% C0 2 atmosphere on agar plates did not stimulate increased 
production of pili by M. smegmatis. It is apparent that environmental cues are regulating the 
production of pili in M. smegmatis as was observed in M. tuberculosis. In conclusion, production 
of pili appears to be a generalized phenomenon in Mycobacterium species. 

3- Identification and purification of M. tuberculosis pili (Mtp). Our next goal was to 
purify and identify the nature of the pili structures observed in M. tuberculosis cultures. For 
safety reasons and ease of working under non-BSL-3 conditions, M. tuberculosis H37Ra was 
used for pili purification. H37Ra was grown at 37°C under a 5% C0 2 atmosphere for three 
weeks on one hundred 7H11 agar plates supplemented with OADC (Table 1). Cultures were 
Gram stained and acid-fast stained to confirm purity of the bacterial preparations. The heavy 
bacterial lawn obtained was harvested from the plates into 150 mM mono-ethanolamine buffer 
(pH 10.5) and the pili were mechanically sheared from the surface of the bacteria. The bacteria 
were separated by repeated low speed centrifugation and the supernatant containing pili was 
extracted with 2:1 choloroform:methanol to remove vesicular material. The upper aqueous 
phase and interphase that contained pili fibers was recovered. This fraction was centrifuged at 
18,000 x gto completely remove bacteria, bacterial membranes and debris. The supernatant 
fraction containing the pili was then recovered and concentrated by ultracentrifugation for 
several hours at 4°C. The pelleted pili was resuspended in PBS and dialyzed to remove any 
salts. This preparation was further analyzed by TEM, which revealed the presence of abundant 
pili aggregates (Fig. 2A) morphologically identical to those observed associated with the 
bacteria (Fig. 1 A). The approximate yield of Mtp from one hundred 7H1 1 agar plates was 14 mg 
of total protein, as determined by absorbance at OD 280 as compared to a bovine serum albumin 
(BSA) standard curve. A page with our present procedure to purify M. tuberculosis pili is 
included at the end of this section. 



Figure I . Mycobacterium species produce piJi Electron micrographs showing different pili morphotypcs 
' produced by M. tuberculosis \i37Ra\A) (x2'8000); M. tuberculosis H37Rv (B) (x25000); M. tuberculosis '■' 
CDC 1551 -(C) 1x22000); M. bovis BCG '(D) (x30000); M smegmatis l-2c (E) (x25000); and M fortuitiim ''(F) 
(x25000). Arrows point to the fibers produced by the various strains tested. ; 



4* Identification and purification of Af. smegmatis pili (Smp>. In order to determine if 
the Mtp pili structures produced by M. tuberculosis were biochemically or antigenically related to 
M. smegmatis pjli (Smp), we also purified pili from M. smegmatis employing a similar procedure 

as described above for 
Mtp. The final pili 
preparation obtained was 
rich in pili aggregates or 
bundles, as determined by 
TEM (Fig. 2B). The 
approximate yield of Smp 
from a one-liter culture was 
3 mg of total protein. It is 
noteworthy to mention that 
the morphology of the 
purified Mtp and Smp is 
different. Further studies, 
presented later in the 
Preliminary Studies, 
demonstrate that they are 
also antigenically different. 




figure 2. 1.kttron osicrographs of cnyrohaeterial pili extracts \. 

.•Purified pili from A/' tubercuipsis'Hllka (x2506o''l; B« Purified pili from \f 
smegmatis l-2c (x40000). Note the different morpholog> of the fibers.' : 
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5 - Initial biochemical characterization of mycobacterial Dili. Generally, pilin monomers 
are proteins in the range of 14-25 kDa that can be identified in SDS-PAGE gels after 
dissociation of the pili filaments under conventional denaturing (in the presence of SDS, 2- 
mercaptoethanol, and boiling at 100°C) conditions. However, some bacterial pili types require 
special chemical treatments such as acidification (pH 1.5) and boiling with HCI, as in the case of 
the common E. coli type I pili, or denaturation with formic acid, as in the case of the Salmonella 
and E. coli curli fibers. We began our characterization of purified Mtp and Smp preparations in 
16% SDS-polyacrylamide gels under normal denaturation conditions. After repeated efforts 
employing Coomasie Blue and silver staining techniques, we were unable to detect the 
presence of polypeptide bands in the pili samples in the range of 14 to 25 kDa that correlated 
with the presence of abundant pili in samples as demonstrated by TEM. The absence of other 
high MW polypeptide bands and TEM analysis indicated that our pili preparations were relatively 
pure (data not shown). This suggested that both Mtp and Smp were highly hydrophobic and 
non-dissociable under regular 2-mercaptoethanol and SDS-PAGE denaturation. In fact we 
observed the presence of protein aggregates in the wells of the stacking gel confirming' that the 
pili filaments were still intact and therefore the pilins were not entering the gel. Nevertheless the 
pili fractions were subjected to N-terminal amino acid sequencing by Edman degradation at the 
Protein and Nucleic Acid Facility at Stanford University. Both Mtp and Smp were blocked in 
their N-terminus. Further efforts employed several different chemical, physical and enzymatic 
treatments to allow dissociation of the pili aggregates followed by denaturation of the pilin 
proteins by SDS-PAGE. 

Isolated Mtp and Smp were treated with various chemical reagents that have been used 
by other groups to resolve pili into their pilin monomers. Formic acid treatment was used in the 
manner described by Collinson etai. Approximately 0.10 mg of the pili preparation was dried 
using speed-vacuum centrifugation, resuspended in 95% formic acid, and immediately frozen at 
-70°C. After 1 h, the sample was dried by heating for 96 h to remove all traces of acid Pili were 
also incubated in the presence of 0.1% to10% SDS at 37°C for 18 h. Attempts were also made 
to dissolve the fibers in 2 to 8 M urea or saturated guanidine-HCI for 18 h at 37°C. The purified 
pili preparations were also incubated in 0.1, 1, and 10% Triton X-100 at 37°C for 18 h. The 
purified pili were subjected to acid (pH 1.8) or alkaline (pH 12.0) treatments and boiled for 30 
mm as previously described. The pili fibers were also treated with 0.5%, 1% and 5% sodium 
deoxycholate and incubated at 37°C for 18 h. After the above treatments samples were either 
prepared for separation by SDS-PAGE or for viewing by TEM. After electrophoresis of all above 
treated Mtp or Smp pili samples, material was still observed in the wells of the stacking gel and 
no visible protein bands were detected in the separating gel following either Coomasie Blue or 
silver staining methods. Similar results were observed when a 10% resolving gel was also used 
(data not shown). After all of the above chemical treatments pili fibers were still visible by TEM 
These results demonstrate that M. tuberculosis and M. smegmatis pili are very stable and 
cannot be broken down into their pilin subunits by methods conventionally utilized by other 
research groups working with pili. 

This extreme stability of the purified mycobacterial pili is not unique and has been 
reported for the pili of the Gram positive bacterium Streptococcus salivarius and also for the pili 
of Actinomyces species. The Actinomyces fibers do not dissociate into subunits after SDS- 
PAGE and the biochemical characterization and identification of the fibril subunit and genes was 
only accomplished by expressing A. naeslundii genes in E. coli and detecting their expression 
using anti-fimbrial sera. The Gram negative pathogen Salmonella enteritidis produces curli 
which require extraordinary denaturation methods to dissociate and visualize the curlin subunit 
in SDS-PAGE gels. 

Further, the purified pili from M. tuberculosis and M. smegmatis were treated with a 
variety of enzymes to determine their biochemical nature. Pepsin, trypsin, or proteinase K 
treatment under the appropriate enzymatic conditions and concentrations' as observed by SDS- 
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PAGE analysis and TEM, did not degrade the pili. Due to the aggregative nature of the pili 
amino acid residues of the macromolecule may not be accessible for cleavage by these 
proteases. Treatment of Mtp with the enzyme cellulase had no effect, demonstrating that the 
pili are not composed of cellulose polymers . The pili were also incubated at 37°C for 18 h with 
lysozyme (10 mg/ml) without effect, indicating the fibers are not polymers of peptidoglycan The 
purified pili were extracted with 2:1 chloroform:methanol and found to remain in the interface 
after centrifugation. This indicates that the pili are not a non-polar lipid substance from the 
mycobacterial cell wall. 



6 - D etection of antibody to M. tuberculosis pili in sera from tuberculosis patients. An 

initial study was done to determine if anti-pilus antibody is present in sera from human patients 
with active tuberculosis infections. If such antibody could be detected, it would suggest that M 
tuberculosis pili are produced in vivo during natural human infections and that they are 
antigenic. Toward this aim, sera from thirty-six cavitary tuberculosis patients, admitted to the 
Institute Mexicano del Seguro Social, Monterrey, Mexico and sera from five healthy controls 
were obtained from Dr. Guillermo Caballero Olin for these studies. The sera were tested against 
purified Mtp preparations obtained from H37Ra using immunofluorescence (IF) as previously 
described. Briefly, glass cover slips were prepared with a diluted pili preparation, air-dried and 
fixed with PBS containing 3% formaldehyde overnight at 4°C. The coverslips were washed with 
PBS followed by incubation at room temperature for 1 h in sera diluted 1:1,000 in PBS 
containing 10% fetal calf serum (PBS/FCS). After thorough washing with PBS, to remove 
unbound antibody, the samples were incubated for 1 h with goat anti-human IgG Alexa Fluor 
488 (Molecular Probes) diluted 1:5,000 in PBS/FCS. The coverslips were washed and mounted 
on glass slides before observation under a Nikon TE 2000S fluorescent microscope using 
Metacam software. Strikingly, we found that a high percentage (60%) of the sera from 
tuberculosis patients reacted very strongly with the purified pili preparation (Fig. 3A, B, C, and 
D). We considered the reaction positive when long fluorescent coiled fibers were observed after 
incubation with the patients' sera. No fluorescent filaments were observed with the goat anti- 
human IgG Alexa Fluor 488 alone, confirming the specificity of the reaction (data not shown) 
More interestingly, 5 of 5 sera from healthy human controls did not react with Mtp fibers (Fig. 
3E). 

Further evidence that TB patient sera contain antibodies that recognize Mtp fibers was 
obtained by ELISA assays. Microtiter plates were coated with purified Mtp fibers, incubated with 
serial dilutions of TB patient sera, followed by incubation with anti-human IgG HRP conjugate 
The ELISA analyses indicated that 60% (n=36) had IgG titers greater than 3,200 while healthy 
control sera (n=5) did not react significantly with Mtp (Fig. 4). Nearly all the individual TB patient 
sera that reacted strongly with purified Mtp by IF, had anti-Mtp IgG titers higher than 3 200 
Taken together these data demonstrate that Mtp are produced by M. tuberculosis during 
natural human TB infections, indicating that they are expressed in vivo. The studies also 
show importantly that Mtp are antigenic, and the host immune response to Mtp may 
correlate with disease. 

7 - Are M. tuberculosis (Mtp ) and M. smegmatis (Smp) pili antiaenicallv related? IF 

assays were done using purified Mtp and Smp to determine if they were antigenically similar 
Four of the tuberculosis patient sera that reacted strongly with Mtp (Fig. 3) were incubated with 
Smp-coated glass cover slips, while rabbit anti-Smp serum was incubated with Mtp-coated 
glass cover slips following IF methods described above in section C6. It was observed that TB 
patient sera did not react with the Smp fibers nor did the rabbit anti-Smp serum react with Mtp 
fibers (data not shown). Therefore these preliminary results suggest that the Mtp and Smp pili 
are immunologically distinct. 
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8. Adherence of Mtp to extracellular matrix proteins. Extracellular matrix proteins 
(ECM) such as fibronectin, collagen, laminin, and vitronectin act as interlinking molecules in 
connective tissues and are ideal microbial adhesion targets for colonization of host tissues. 
Studies were done to determine if Mtp has affinity for ECM. For these experiments a sandwich 
based ELISA assay was employed using 1.5 of Mtp immobilized onto ELISA microtiter plate 
wells and blocked with PBS Superblock (Pierce) prior to the addition of increasing 
concentrations of fibronectin, laminin, and collagen IV (Sigma). After incubation and wash steps 
the bound ECM proteins were detected using either a 1:5000 dilution of rabbit anti-fibronectin, 
anti-laminin, or mouse monoclonal anti-collagen IV antibodies (Sigma). The anti-ECM 
antibodies were detected using a 1:5000 dilution of anti-rabbit or anti-mouse peroxidase 
conjugates (Sigma) and this complex was detected using a TMB single solution substrate 
(Zymed). The reaction was stopped with 1 N HCI, and absorbance was read at 450 nm using a 
microtiter plate reader. The results indicate that purified Mtp fibers bind laminin and fibronectin 
in a dosendependent manner, and do not significantly bind to collagen IV (Fig. 5). Clearly Mtp 
has a strong affinity for binding to laminin and to a lesser extent fibronectin. 

The binding of the 
pili to laminin strongly 
implicates Mtp as an 
adhesin for M. tuberculosis. 
These results provides 
preliminary evidence for the 
role of Mtp in human 
disease as ECM proteins are 
important elements in the 
epithelial substrata of the 
lung and other organ 
systems which can be 
exposed during tissue 
damage due to an 
inflammatory response to a 
TB infection. Thus, Mtp 
may play a role in M. 
tuberculosis adherence and 
colonization in the lung 
during infection. 
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Figure 5. Reaction of TB 
patient sera with purified Mtp. 

Mtp (Fig. 2A) were reacted with 
human TB patient sera US 14, 
(A). IIS7 (B). HS55 (C), HS2^ 
(D). and Healthy control sera <E) 
and delected with anti-human 
IgG Fl rC-conjugate. Positive 
reactions (A-D) are depicted by 
the presence of fluorescent fibers. 
No reactivity was observed with 
healthy control sera (E). 
Magnification of fluorescence 
olographs A-ExlOOO. 
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9. Ultrastructural 
analysis of biofilm-like 
communities and 
demonstration of fibrillar 
structures . Many 
environmental and pathogenic 
bacteria live in communities 
tightly associated to biotic and 
abiotic surfaces. These so- 
called biofilms are intrinsic 
ways in which the bacterial 
pathogens protect themselves 
from the bactericidal activity of 
antimicrobial drugs or from the 
clearance mechanisms of the 
body. There are virtually no 
reports on the capacity of M. 



E 



tuberculosis to form biofilms. Plate-grown M. tuberculosis H37Ra was washed in HBSS and 
seeded at 10 7 bacteria/ml onto glass cover slips in RPMI. We captured the bacilli attaching to 
the glass substratum after incubation for 3 h at 37°C in a 5% C0 2 atmosphere, followed by 
fixation with 3% formalin, and processing for scanning electron microscopy (Fig. 6). The bacilli 
appeared to produce a massive meshwork of fibrous matter (resembling pili) that tethers the 
bacteria, which we presume, allows the formation of biofilm-like communities. Pili, such as type 
IV and curli, have been implicated in biofilm formation. The nature and identity of these fibrous 
structures is of course unknown but we are aiming to characterize them further, in particular to 
determine whether these fibers are related to Mtp. Once specific anti-Mtp antibodies become 
available we will be able to test this possibility and determine if Mtp are involved in biofilm 
formation. 

Summary . It is tempting to speculate that production of pili by M. tuberculosis would be of 
critical importance for the pathogen to interact with target sites on the surface of epithelial cells 
and macrophages to favor establishment of the pulmonary disease. Several important 
considerations arise from these preliminary data: i) that M. tuberculosis does produce pili which 
could contribute to the virulence properties of these bacteria; ii) that expression of pili is 
regulated by environmental and nutritional signals; iii) antibodies in TB patient sera recognize 
Mtp demonstrating they are produced during human infections; and iv) that pili might be 
involved in physical bridging between bacteria and host ECM in molecular cross-talk between 
mycobacteria and mammalian cells. 
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Fig. 4. Sera from TB patients react to 
purified Mtp. Sera from TB 
.patients («^36) and from healthy controls 
wore tested for the presence of anti- 
Mtp antibodies b> ELIS4 using 
immobilized Mip tlbers. M.>st oi im- 
patient seta <60 o/ "i showed a sigmQcant 
titer against Mtp fibers. Results presented 
obtained at >-ra 1 3200 dilution; ran in 
triplicate. The horizontal line indicates the 
cut-off value of two limes the average 
ELISA.titer A 4 ,o reading of healthy . 
conu'ol sera 
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tuberculosis H37Ra bantu (red irrows) adhering 
to a giass substratum. Note the pa-sence of a 
fibrillar meshwork ( white arrows) tethering the 



Figure 6. Scanning electron micrograph of M. 



bacteria, promoting bacterial interactions and the 
formation bioiilrn-Uke communities. Bar - i mil. 



D - What are the immediat e and/or future applications? The bacterium Mycobacterium 
tuberculosis is an important worldwide cause of pulmonary disease in humans. We have 
discovered a potential adherence factor called M. tuberculosis pili, or Mtp, which we 
hypothesize allows colonization and adherence of this microorganism to human eukaryotic cells 
in the lungs. Most importantly, 60% of the sera of humans with tuberculosis reacted with the 
purified pili, by both immunofluorescence and ELISA. This suggests that the pili are produced in 
vivo during natural infections and stimulate a humoral immune response. Because of these 
properties, this factor could be used in the development of a new vaccine to prevent 
tuberculosis in humans. 

E - Why is the subject of this disclosure better, more advantageous, than present 
technolog y? What are its novel or unusual features? What problems does it solve? 

Bacterial structures called pili play a role in adherence of microorganisms to mammalian 
epithelial cells in a variety of diseases. Pili and other bacterial adherence factors have been 
successfully used in the development of effective vaccines against various infectious diseases. 
No pili have, until now, been identified in M. tuberculosis. Thus our discovery is new and novel 
because it is the first time that a pili-like adhesin has been identified in the human pathogen M. 
tuberculosis. A vaccine developed using purified Mtp could potentially induce antibody 
production that would block adherence of the bacilli to respiratory epithelial cells in humans and 
thus prevent initial colonization and infection. Thus, M. tuberculosis pili have great potential for 
use in the development of a new and possibly more effective vaccine against this highly deadly 
human disease. In the U.S.A. and all over the world there is a critical need for the development 
of more effective vaccines against tuberculosis. Major research groups in industry and at major 
academic institutions are actively pursuing research and development of new anti-tuberculosis 
vaccines. Additionally, M. tuberculosis pili may potentially be used in the development of new 
methods to diagnose cases of human tuberculosis. 

What com panies may be interested in this invention? Potential size of the market. 

Pharmaceutical and Vaccine Companies. As stated in the background section, almost one third 
of the world populations suffers of tuberculosis disease. Thus, the size of the market is quite 
large. 
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Purification of pili from Mycobacterium tuberculosis H37Ra* 

This protocol may be modified in the future for optimal purification and recovery of pili fibers. 

1 . Dilute 1 ml frozen stock of M. tuberculosis cells in 10 ml 7H9 + ADC containing 0.05% 
Tween-80 and incubate at 37° with shaking for 48-72 h to prepare starter culture. 

2. Inoculate 100 Middlebrook 7H1 1 + glycerol agar plates with 100 starter culture of M. 
tuberculosis and incubate at 37° until a heavy lawn of growth is observed, 10-14 days. 
Remove loopful of growth to 1 ml dH 2 0 gently vortex to resuspend and prepare sample 
for TEM to verify production of pili fibers. 

3. Harvest the plates, using a glass spreader, 15 plates into a beaker containing 60 ml 150 
mM ethanolamine buffer pH 10.5. Portion the suspension into two 50 ml_ conical tubes 
and add 3mm glass beads to each tube. Repeat the procedure for the remaining plates, 
for 100 plates use approximately 250 ml ethanolamine buffer and 8 conical tubes. 
Vortex the tubes full power for 1 min, followed by vigorous shaking for 3-5 min and allow 
tube to settle for 1-2 min. Collect the upper 25-30 ml cell suspension to new tubes. 

4. Centrifuge the suspension at 3000 rpm for 60 min to pellet the cells. Recover the 
supernatant fraction (3KS). Check both 3KS fraction and pellet fraction (3KP) by TEM to 
verify presence of pili in 3KS. If necessary resuspend 3KP in ethanolamine buffer, 
gently resuspend and centrifuge as described to recover pili that may have been 
sedimented with the cells. To limit loss of pili into the bacterial pellet, due to clumping of 
the cells, centrifugation speed was reduced and run time was increased. Repeat 3000 
rpm spins for 30 min 2 more times. 

5. (Optional) If large amounts of vesicular material is visible in 3KS by TEM, extract the 
final 3KS fraction with an equal volume of 2:1 chloroform: methanol by vigorously 
shaking for 5 min. Spin the suspension at 12000 rpm for 10 min to separate the phases. 
Recover the upper aqueous phase and the interphase that contains the pili fibers. 

6. Load the pili fraction in thin-wall polyallomar tubes with anodized aluminum cap 
assemblies and concentrate fibers by ultracentrifugation at 120,000 x g for 3 hr at 4°C in 
a fixed angle rotor. Collect the supernatant as fraction 50KS and resuspend the pellet in 
sterile water as fraction 50KP. Observe both fractions by TEM. The 50KP fraction 
contains rich amounts of aggregated fibers while the supernatant fraction 50KS should 
be devoid of pili fibers. The approximate yield of protein (pili) from 100 plates by A280 is 
approximately 14 mg. 

*Pili were first observed by TEM in M. tuberculosis H37Rv and M. tuberculosis H37Ra on 
11-06-02, in M. tuberculosis clinical strain CDC 1551 on 12-09-02, and were first purified 
from M. tuberculosis H37Ra on 03-13-03. 
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A large number of microbial pathogens produce fibrillar surface structures termed pili. Pili often mediate the close 
interaction between the bacteria and host cells, thus they are important colonization and virulence factors. Here we report 
that the important human pathogen Mycobacterium tuberculosis produces pili. M. bovis BCG was also observed to 
produce P ih. Additionally, it was found that both the fast-growing M. smegmatis, and the pathogenic M.fortuitum 
produce morphologically distinct pili from M. tuberculosis. Pili were isolated from both M. smegmatis and M. 
tuberculosis using mechanical shearing, differential centrifugation, and final purification over a CsCl density gradient. 
Immunofluorescent microscopy (IF) and ELISA were employed to evaluate the reactivity of antibodies from convalescent 
tuberculosis (TB) patient sera to purified M. tuberculosis pili (Mtp). It was found that 60% of TB patient sera («=36) 
tested displayed intense epifluorescence when incubated with purified Mtp and had ELISA IgG titers against Mtp greater 
than 3,200. Healthy contol sera („=5) did not react to the purified pili. The affinity of Mtp for the extracellular matrix 
proteins fibronectin, laminm, and type IV collagen was determined using an ELISA-based assay. We found that Mtp has a 
strong binding affinity for laminin and a weaker interaction with fibronectin suggesting a possible adherence mechanism 
for M. tuberculosis that would facilitate the interaction between the bacillus and host cells. Further, immunogold labelling 
experiments demonstrated that antibodies against purified pil, from M. smegmatis do not react with Mtp suggesting that 
Mtp are antigenically distinct fromM smegmatis pili. The IF and ELISA data using TB patient sera are compelling 
evidence that the historically deadly human pathogen, M. tuberculosis, produces pili during human infection. In 
summary, this is the first report of pili being produced by mycobacteria and these results suggest that Mtp may be a newly 
identified adherence factor for the tubercle bacillus. 



Commercial Potential of M. tuberculosis pili (Mtp) for Vaccine 
and Diagnostics Development 

The bacterium Mycobacterium tuberculosis is an important worldwide cause of pulmonary disease in humans. We have 
discovered a potential adherence factor called M. tuberculosis pili, or Mtp, which we hypothesize allows colonization and 
adherence of this microorganism to human eukaryotic cells in the lungs. Most importantly, over 60% of the sera of 
humans with tuberculosis reacted with the purified pili, by both immunofluorescence and ELISA. This suggests that the 
pili are produced in vivo during natural infections and stimulate a humoral immune response. Also, additional studies 
have also demonstrated that Mtp also stimulates a strong proliferative T cell response (cell-mediated immune response, 
CMI) to this antigen using white blood cells derived from tuberculosis patients. Because of these properties, Mtp could be 
used in the development of a new vaccine to prevent tuberculosis in humans. 

Bacterial structures called pili play a role in adherence of microorganisms to mammalian epithelial cells in a variety of 
diseases. Pili and other bacterial adherence factors have been successfully used in the development of effective vaccines 
against various infectious diseases. No pili have, until now, been identified in M. tuberculosis. Thus our discovery is 
new and novel because it is the first time that a pili-like adhesin has been identified in the human pathogen M. 
tuberculosis. A vaccine developed using purified Mtp could potentially induce antibody production that would block 
adherence of the bacilli to respiratory epithelial cells in humans and thus prevent initial colonization and infection. Thus, 
M. tuberculosis pili have great potential for use in the development of a new and possibly more effective vaccine against' 
this highly deadly human disease. In the U.S.A. and all over the world there is a critical need for the development of more 
effective vaccines against tuberculosis. Major research groups in industry and at major academic institutions are actively 
pursuing research and development of new anti-tuberculosis vaccines. 

Additionally, M. tuberculosis pili (Mtp) may potentially be used in the development of new methods to diagnose cases of 
human tuberculosis. Although many antigens of the bacillus have been evaluated, no specific test appears to have 
sufficient sensitivity or specificity to consistently detect cases of active tuberculosis. Thus there is a real need for the 
development of new assays that use either humoral or cellular immune response of the host to demonstrate the presence of 
active TB infection or disease. Since M. tuberculosis pili can stimulate both a humoral and CMI response during human 
disease, it suggests that the antigen may be a good candidate for use in the development of new immunologic diagnostic 
tests for the detection of active TB cases. 



Principal Investigator/Program Director (Last, First, Middle): Friedman, Richard L. 



DESCRIPTION: State the application's broad, long-term objectives and specific aims, making reference to the health relatedness of the project Describe 
concisely the research design and methods for achieving these goals. Avoid summaries of past accomplishments and the use of the first person. This abstract 



s meant 
description, : 
PROVIDED. 



accomplishments and the use of the first person. This abstract 
serve as a succinct and accurate description of the proposed work when separated from the application. If the application is funded this 
is, will become public information. Therefore, do not include proprietary/confidential information. DO NOT EXCEED THE SPACE 



Mycobacterium tuberculosis is the bacterial agent responsible for human pulmonary tuberculosis. For many bacterial pathogens, the ability 
to produce adhesins in the form of hair-like structures, called pi 1 j that med iate association with host cells. However, in the case M. 
tuberculosis no pili structures have ever been observed. We have, for the first time, identified and partially characterized pili-like structures 
on M. tuberculosis strains as fibers that associate into a highly hydrophobic meshwork of variable dimensions. These pili, herein called M.. 
tuberculosis pili (or Mtp), are produced in vitro and were demonstrated to react with antibodies present in human convalescent sera 
obtained from tuberculosis patients. These novel findings are the basis for the present proposal, and may have important implications in 
terms of immunoprophylaxis, prevention and diagnosis of this historically deadly disease. The long-term objectives of this proposal are to 
advance knowledge of M. tuberculosis pathogenesis by elucidating the role of Mtp pili in the context of the interaction of the tuberculosis 
bacilli with host cells. The proposed specific aims are to: 

1- To Characterize the Biochemical Properties of Mtp . The primary focus of this aim is the identification of the pilin monomer (MtpA). 
Purified fibers will be subjected to chemical and enzymatic treatments and Mtp peptide fragments isolated by HPLC. Fragments will be 
subjected to Edman degradation to identify the primary amino acid (AA) composition of MtpA. Liquid chromatography-mass spectro- 
metry studies will assist in determining the mass of MtpA and its peptides. The AA information obtained will help to identify the open 
reading frame encoding the MtpA pilin gene, mtpA, in the M. tuberculosis genomic sequence. Liquid chromatography-tandem mass 
spectrometry will be useful in identifying peptide fragments and their possible post-translational modifications, thereby giving insight into 
the structure and function of the pili. 

2- Clone and Characterize the Gene(s) Encoding Mtp . We will identify, clone, and characterize the genetic determinant involved in 
production of Mtp. Pili-deficient mutants will be constructed in the structural pilin gene as well as in key pili bioassembly genes and 
introduced into the chromosome of M. tuberculosis by allelic exchange. These mutants will then be used in studies proposed in Specific 
Aims No. 3 and No. 4 of this proposal. 

3. Define the Relation ship Between Expression of Pili and the Ability of M. tuberculosis to Adhere, Enter and Survive Intracelluarlv 
within Host Cells. In this aim we are proposing to address specific questions regarding the biological function and role of Mtp in 
adherence and interaction of the bacteria with host epithelial cells and macrophages. The ability of pili knock-out to adhere, invade, and 
survive within cultured A549 respiratory epithelial cells, U-937 macrophages, and human mononuclear phagocytes will be evaluated as 
compared to the parental strain. We will also study other biological properties associated with other well-characterized pili systems such as 
bacterial aggregation and the ability of Mtp to stimulate production of pro-inflammatory molecules. 

4. Effect of Pili Gene lnactivation on Surv i val and Multiplication of M. tuberuclosis and the Evaluation of Protective Efficacy of 



Mtp in Mic 



infection model will be appraised u wuip— ..... „„ v „ ..... . , ,.v ,„ ;....<■ i.. 

potential protective properties of Mtp against tuberculosis infections in mice. 



■ ■ ^..^ ,..,.v. „■■ oi.. >.v„. .iiu i.jiniipiicaiion oi jvj. tuoeruciosis ana the Evaluation ol Protective Efficacy 

The ability of the M. tuberculosis pili mutant to colonize, persist and replicate in vivo in a mouse respiratory aerosol 
lpared to the wild-type virulent parental strain. Studies will also be done to investigate the 
uberculosis infections in mice. 
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?■ Jo Investigate the Effect of Pili Gene Inactivation on S u rvival and Multiplication of M. tuberculosis 
in Mice and to Evaluate the Protective Efficacy of a Mto vanning The ability of the M: tuberculosis pili 
mutant to colonize, persist and replicate in vivo in a mouse respiratory aerosol infection model will be 
appraised as compared to the complemented strain and the wild-type virulent parental strain. Studies will also 
be done to investigate the potential protective properties of Mtp against tuberculosis infection in mice. 

HYPOTHESIS : We hypothesize that the pathogenic capabilities of M. tuberculosis rely in part on the 
expression of pili structures that enhance the microbes' ability to efficiently colonize the human host Mtp mav 
serve as an accessory adhesin required for initial adherence and/or subsequent lung colonization Results 
from such studies will add to our understanding of tuberculosis pathogenesis and may lead to the development 
of improved vaccines and to more effective treatment, and prevention of this, deadlv disease 
B. BACKGROUND AND SIGNIFICANCE . y 

Tuberculosis Mortality and Morbidity. Tuberculosis is the predominant bacterial infectious disease that 
afflicts mankind A recent World Health Organization report estimates that 1 .86 billion people are infected with 
tuberculosis (32% of the world's population) and that in 1997, eight million new cases occurred (9) Over three 
million people die yearly from tuberculosis, the largest single infectious cause of mortality worldwide (12 10) 
Tuberculosis is still a persistent health problem in the U.S.A. due in part to the human immunodeficiency virus 
(HIV) epidemic. AIDS patients are highly susceptible to infection with M. tuberculosis and other non- 
tuberculosis mycobacteria that seldom infect individuals with intact immune systems (3) The increased 
incidence of tuberculosis has contributed to the emergence of multidrug resistant strains of M. tuberculosis (4) 
Such strains constitute a very serious problem because they cannot be easily treated with many of the most 
commonly used anti-tuberculosis antibiotics, resulting in high mortality and rates of transmission 

Molecular Pathogenesis of M. tuberculosis . M. tuberculosis is highly infectious and is spread by 
aerosols from infected individuals with active pulmonary disease. The bacilli are inhaled into the lungs and are 
engulfed by alveolar macrophages residing in the lower reaches of the respiratory tree The microbes are 
highly resistant to killing by host macrophages and multiply within these phagocytes. The microorganism is 
internalized into macrophages via interactions of the phagocyte's complement C3 receptor and mannose 
!I C !?°!^ ,th tuberculosis ( 5 - 1 1 ■ 12 )- 0nc e internalized, the bacillus inhibits phagosome-lysosome fusion 
(6, 14, 15) and phagosome acidification (7, 13, 14, 15), events that are critical to the microbicidal activities of 
macrophages. Various mycobacterial cell wall components may be involved in these processes (16) Classic 
studies by Goren et. al (20) suggest a role for mycobacterial sulfatides in inhibition of the phagosome- 
lysosome fusion process. The cell wall-associated glycolipid lipoarabinomannan (ManLAM) of M tuberculosis 
has been shown to scavenge toxic oxygen products produced by macrophages. This may allow the pathogen 
to resist ant.-m.crobial killing by the phagocyte (21). Recent studies by Fratti et al. reported that ManLAM of M 
tuberculosis actually interferes with phagosomal acquisition of lysosomal contents and blocks syntaxin 6 
transfer from the trans-Golgi network. ManLAM appears to specifically inhibit the pathway dependent on 
phosphatidylinositol 3-kinase activity and phosphatidylinostiol 3-phosphate-binding effectors (22) Thus 
ManLAM is one of the bacillus factors responsible for the blockage of phagosomal development and ' 
maturation. After inhibition of phagosome-lysosome fusion, the bacilli multiply within the macrophage leadinq 
to phagocyte lysis and dissemination of M. tuberculosis to other host cells and sites throughout the body 

Although tuberculosis is now recognized as a major public health problem world-wide there is a need 
for more information on the basic molecular mechanisms of M. tuberculosis pathogenesis, its' mechanisms of 
drug resistance, and immunity to this pathogen (23, 24). The specific molecular mechanisms M. tuberculosis 
uses in these processes are unknown, but recent reports have, for the first time, identified potential virulence 
factors of M. tuberculosis by use of molecular biology techniques (31). The DNA sequencing and annotation of 
classic virulent strain M. tuberculosis H37Rv and the clinical isolate CDC1 551 genomes have added much to 
our general knowledge of the genetics of this microbial pathogen (29, 30). 

Bacterial Adherence. Adherence to host tissues is an essential and complex first stage in bacterial 
colonization for the establishment of bacterial infectious disease. In many cases, adherence is mediated by 
one or more adhesins that can act simultaneously or in distinct steps of an infectious process (97) Adherence 
is considered an important virulence trait, because it enables bacterial pathogens to deliver toxins efficiently to 
host tissues, to interact closely with the cell membrane favoring intracellular penetration to overcome 
peristaltic clearance, and to establish microbial communities in biological niches. Adhesins in the form of pili or 
outer membranes proteins, may mediate direct or indirect binding to host cells. For intracellular pathogens 
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studied of pili biogenesis are the' P pilus ofuropa ho en c 9 F^I^S? f™' The best mod ^ *° far 
P.I. have generally been associated with severafbioK , 3nd type 1 pili ^ ^7, 108). 

erythrocytes bacterial adherence, and colon* ton ° fhUman and anima ' 

parities (e. g. the type IV pili Jg,, Z^^^^^ « ^a, « 

with vjr^ cogens has also been associated 

formation and development, colonization of host tfssues and mA^nT^?*™ biofilm 

PH, family shares in common a hydrophobic amino te ^ 1 ° 9, 110) - Th etyperv 

observed under the electron microscope as tono b, nrJi f n yP ' Ca ' S ' gnal peptide - The V are often 
wicks They are found in pathogenic bact^ that resembl * -pe-like structures or 

Dtchelobacternodosus, Vibrio cholerae Pasteurelll m S2ST 8e '" S ' nosa ' Neisseria gonorrhoeae 
enteropathogenic and enterotoxigenic E 7o^(6 Mo' M wf ^ TT 8S /?ydro P Ma - as well as 
suggest common functional features evolved or bacteria^dLt t d6d similarities b etween type IV pili 
on the intracellular pathogen Legionella oneumnSS^ adaptat,on - survival, and virulence. Recent studies 
infection of human macro^ages'and.in Kl ^ 00 *^ ^ r °' e ° f type ,V pili in -?r~ 

^KlS 
™--- a ~ 
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Z n°^', abili ! y *? colonize human tissues. Disruption of the flpl piiin gene resulted in loss of fiber formation 
and the flp mutant was unable to colonize or persist in a rat model (89 131) formation 

Interestingly approximately one half of the fad genes, including flpl, are clustered in a qrouo of 12 
homologous ORFs .n the genome of M. tuberculosis H37Rv (130, 132). The Qe™"nMube™tosislhl aro 
we"! as a a v no 9 th^ S 7? ^ 3 P f ide ABC trans P^rsubunit, a putative ATP^h^SSte^d? « W 

? P f Ca ' transmembrane and integral membrane proteins (29). Further a conserved Flp Sin 
amino acid sequence ,s present in M. tuberculosis that contains the characteristic Hp motif inSna an 
invariant glycine residue preceding the putative leader peptide cleavage site, and a ^ 
contains an invariant glutamate-tyrosine pair of amino acids (130). The annotZn XeM^lsT 
nr^L^Tw 3 ' 50 SU 99 ests , that tW ° ° f the 9 enes in this P^ive tad-flp cluster are possible S 
proteins (29). We are currently investigating whether Mtp is biochemically related I to Hp We otah to 

~d^ 

associa ted I with persistence in poultry infections, internalization into epithelial ce Is, and colonLation of abiotic 
surfaces. Curl, mediate development of biofilms by binding to certain host proteins includhqTSHular 
matrix proteins plasminogen, and major histocompatibility complex class I molec es The ^ alsolnduce 
cytokine activation during human sepsis (111-114). ' ney aiso inouce 

nil, ,nH nnL° f Gra T P ° 8 u tlve B u acteria - 0nl V a few G ™™ Positive organisms have been reported to possess 
pill and only some have been characterized at the molecular and biochemical level The lack of data reaardina 
Gram positive p,l, .llustrates the difficulty in finding homologous pili genes and proteins in M tobMl^T ° 
other mycobacteria by genome database searching, as has been successful for identffying p i i is nZbe oi 
Gram negative human pathogens (56, 57, 70-73). The closest phylogenetic relative possLsin 7 oil ?to 
mycobacteria ,s the Corynebacterium genus. Pili were observed on nufnero^ ^^^^s ^ 

AZT: C r enU TJ™ ^ l h f e PNi W6re f ° Und t0 a 99' utinate ^P^ized sheep ^^^76) 
Although Corynebactenum diphtheriae is accepted to possess pili (77, 78), no biochemical characterization of 

r XZ U , bUn,t h n ° r i he "IT inV °' Ved in Pili bi09enesis in Corynebacterium hav Tte^^^mS 
C. diphtheriae, by virtue of hemagglutination activities, indicate their ability to adhere to eukarvSc cell 
membranes making its pili a potential virulence factor. The presence of pili and on^bVial adheslns in this 
microbe may explain how the pathogen successfully colonizes the human throat Tlmbnal adhesins m thls 
Another Gram positive genus that has been observed to have pili are the oral Streptococcus soer-iP* 
S. salivanus has been observed to have pili but attempts at dissociating the pilf into suK^ 
unsuccessful employing commonly used techniques (66). Viridans streptococci are also S to produce pili 
(79). S. parasanguis uses a fimbriae-associated adhesin, Fap1 , to form biofilms while another fimbria! 
adhesin, F.mA ,s required to colonize prosthetic and natural heart valves (80 81) Further Seattle Fao1 

^ n S3i7 , - th T he Hh mbrial a ^c Sin iS 3 ^^Protein and monoclonal ar*b«^^iS?h?gl^n " 
moiety blocked in vitro adherence of S. parasanguis (119) y yudM 

A substantial body of work exists for pili found on Actinomyces naeslundii, one of the Gram oositive 

organisms that cause actinomycosis, a chronic disease characterized by suppurative abs^Les and 

granulomas. Actmomyces exhibits two distinct fimbria! types, type 1 mediates adherence to Proline rich 

^ f ° r - *- «™ " O^elrgt isms 

m ^r baC ' erial Adherence Mechanisms. The initial interaction of M. tuberculosis with either 
macrophages or respiratory epithelial cells within the lungs requires.adherence to these human host cell tvoes 
SpSTm ."f M e9Un t0 ,dentify P ° tential M - tub °™'°™ adhesins. Studies with hum a ^racrorlages have- 
hat l a r d ,ton^ M aS t an Wa " SUrfaCe li9and for bindin 9 t0 the ™™ose recepto ^o^phagocytes 
that leads to phagocytosis of the pathogen (12, 32, 33). The terminal mannosyl units at the end I o ^ManLAM 

I rlSnZ ^ ,nd,n f 9 t0 mann ° Se rece P t0 ^ince AraLAM from avirulent mycobacteria capped with 
arabinose in place of mannose, does not induce significant uptake into macrophages (12 32 33) 
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alveolus is mainly composed of type and tvoe 1 1 Dn^nrJt b, ° odst , ream - Yet ' interestingly, since the 
tuberculosis has a greater prota K 0nly ^l 8 " 15 50 10 100 macr °Phages, M. 

several groups have reported that he ^ ^1 Ce " S (34) " ReC6nt Studies b V 

Bermudez and associates .use a pVbSaS ystem containTn^fh h "'^l^ e ?! theljal Ce " S (35 - 38 > 
(A549 cells) and endothelial cells to investiga ?Z mecharSsm 5 m ^ ' a ' Ve ° lar 6pithelial 

alveolar wall (38). Their studies showed that the Da SnT a n h ^ tuberc » losis translocation across the 

=n?^= 

heparin sulfate-containing proteoglycans S that tNs re9ion binds to 

(41). A M. tuberculosis HBHA-deficient mutertwa const^ " °" ^ ^ " P neum ocytes 

model (42). It was observed that the mutant colonitS thl i.fn Tl , 3P mtranasal mous e infection 
was significantly impaired ISTsiaS iT levels equal to the wild-type parent, but it 

receptors on host cells and also impedes extrapulmonary swe^n of TR Tnlh J P su fate-containing 
that the humoral immune response to HBHA anc m2K u J , 2 lhe , mouse model < 4 2>- This suggest 
play aprotective role in bloctog TB disseminata 'from he lunoT s, ,nh 7 S ' S ad ^" S C0Uld poten,ial1 * 
inclusion in the development of new tuberculosis vaccmls Both M ,T l9en * could be considered for 
also produce homologous laminin-bindmTfacto I Further studies re nect saU to dT"" " '^f <45> 
lam,n,n-b,nd ng adhesin may be important in mycobacterial Ts se pathogenesL" m ' ne ""^^ ' hiS 

myc U oSia;= 

adherence to extracellular matrix in a dose-dependert manne (im 12,?™" !, n " 9en 856 reduced 
added together there was an additive inhibition i of M f„w?li^ hk ?J AP and an " gen 856 were 

FAP and antigen 85B protein of M tubercu ^l bZ to tZ» adheren = e The authore delude that both 
adherence factors in initial lung colonizaton * 0neC "" eXp ° Sed °" and ™P<*anf 

fibroneotin-binding protein thaTcould mediate mycobacteria I ^^Si to^ ^^ ,S f'. Wa * 3 

is the same fibronection-binding protein first reported by Abou Zeid ef si °48° Ttel^'n- As ,'V UrnS ° U< ,his 

SS^Tr 3 / aS ^^^a^hlren^otor 56 StUd ' eS 

^odTe'i^aoaap^ea r ea' S 2? SEEE?"" a" 0 " tha ' M ' * to 
morphology and dimensions are :^So P ^ 

methods to isolate pill from other mioroorganilms we have ^ ?' US '"f S,andard 

structures from M. ,u beM and 3, m2^%^S^^*£>>>> 
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hlZ^U OPCn 3 3VenUe t0 fUrth6r UndGrStand Path ° 9eniC mechanis ™ of this dead.y 
1" , M y cobacterium tuberculosis produces Dili str.,«t..r». m the C0U rse of ultrastructural studies of 
pathogenic and attenuated strains of M. tuberculosis by negative staininq and trsmsmE 

strains were plated as a lawn and grown for a period of 3 weeks at 37°r in % w rn ot™™ J t* 
tuberculosis broth cultures in 7H9 were grown for 2 to 3 weeks a nH r hrnth S 2 atmosphere - W - 

used Further, the qualitative analys.s demonstrates that the avirulent strain of M tuberculo^ Z^rZ, 
diminished capacity to produce pili as compared to H37Rv and CDC1 551 Str kino TtZ nrlZ t J-2 ' S 3 

• Blood ;. + glycerol: '+ glycerol 



Strain 



H37Ra\ 



H37Rv ; 



CDC 1,55 r. 



7H10 agar 
T Glucose 



'■■ -RFMMA ' 
Agar**' : 



7H9 b 

OA DC h 



/a/e ^ovm < (toes /n 7;e faf>/e." V veVe im abated in a 5% COlrtmc ^e- V^/7^^^T~-- J 



|P~S — <- — s and thei ; 

t u Productlon °* Pi" bv other Mycobacterium * pt >r\ 0 * We extended the TEM analvsk tn oth*r 
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preparation was further analyzed by TEM which reLZT^T « 

morphologically identical to those observed \^SS^S^T^ ?L abundant ^ l aggregates (Fig. 2A) 
Mtp from one hundred 7H11 agar J^^t^t^^^^- 1A) W The ^proximate yiekl of 
4 0m |de re t^° r b ° Vine Semm a ' bU ^ in (BSA) standard cur^e ' determ,ned ^ absorbance at OD 280 as 

S - lnitial biochemical ch a r a ct 0 ri^ tinn 

Of mycobacterial p.li r^riPmlly, pi|j| . { 

monomers are proteins in the range of 14- 
25 kDa that can be identified in SDS- 
PAGE gels after dissociation of the pili 
filaments under conventional denaturing 
(in the presence of SDS, 2- 
mercaptoethanol, and boiling at 100°C) 
conditions (115). However, some 
bacterial pili types require special 
chem.cal treatments such as acidification 
(PH 1.5) and boiling with HCI, as in the 
case of the common E. coli type I pili 
(1 16), or denaturation with formic acid as 
in the case of the Salmonella and E coli 
curlifibers (61, 111). We began our 
characterization of purified Mtp and Sm D 

ration r.nnriitinnp A-T4 — - x . K 




I V^r r'r Ctr0n micr °R ra P hs of mycobacterial pili extracts A 

Punfied p,h from M. tuberculosis H37Ra (x25000)- £, Purified nilffrorr, ^ 



■ - ■ - ■ • . w wo - : ^ . — \- -i - « wc ucyan our 

preparations in 16% SDS^cTyla^^ of purified Mtp and Sr 

employing Coomasie Blue and silver stoinU^^^^T^ fT™*' After repeated ^ 
polypeptide bands in the pili samples in the range on 4 to 25 E£ *T , ^ ^ preSence of 
abundant pili in samples as demonstrated bv tfm rll Lk ^correlated with the presence of 
TEM analysis indicated that our ^^nl^ ^ T P °' ypeptide « and 

both Mtp and Smp were highly hydrophobic a^m^^^L^ZST V f™" 1 ThiS SU " ested that 
PAGE denaturation. In fact, we observed the presence of wJfn T' ar 2 " merc aPtoethanol and SDS- 
confirming that the pili filaments were still ntart and I thenLfo Z Z a f reQates ,n tne wells of the stacking gel 
Nevertheless, the pili fractions were subjected I tn N tlr^ , he p,,,ns were ™* entering the gel 
the Protein and Nucleic Acid F^t$^$^* ™ c id fencing by Edman degradation at 
termmus Further efforts employed several dSerent chemLf nhv P , and w Smp W6fe blocked in their N- 
dissoc.ation of the pili aggregates followed ^SaturaZ of fU r enz *™ i]c treatments to allow 

Isolated Mtp and Smp were treated with' Tar ous ^iro! ' P P T te,nS by SDS " p AGE. 
groups to resolve pili into their pilin mor^eT F S add SSm-T^ ^ h3V6 been Used b * other 
Col nson et al. (61). Approximately 0.10 mg of Z o H o^nS USed in the manner described by 

centnfugation, resuspended in 95% formic ac?d and I mmSf J < W3S d " ed Using ^d-vacuum * 

? r 96 h *° remove ac d" 'p'wer ?Ll.^^"^ Altor 1 ^ the ^ Was 

SDS at 37°C for 1 8 h (62). Attempts were also made to cZtZl I h , ^ ubated ,n the Presence of 0. 1 % to 1 0% 
guanid.ne-HCI for 1 8 h at 37°C (63) The ouriLd^li nil r the fiberS ,n 2 to 8 M urea or saturated 
Trrton X-100 at 37X for 18 h. incubated * 0.1; 1, and 10% 

and boiled for 30 min as previously described (64 7ie ^ "f*^" (PH 120) treatments 

5% sodium deoxycholate and incubated at 37°C for 8 h (65) An^ L T tf6ated With °- 5% ' 1% - ™<* 
prepared for separation by SDS-PAGE or for viewing by TEM A^er 1^°^ treatments sa ™P'es were either 
Smp p,l, samples, material was still observed in the 1 wells of L s ^r^n Ph °? S ' S ° f a " above treated Mt P or 
detected, the se P aratingge,fo,,owing either 
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The Actmomyces fibers do not dissociate intotubS after SDS^ Sapp 6 P H ' of ^°^s species (88). 
and identification of the fibril subunit and genes wa "o^Z^Sh^ * bl0chemical characterization 
f f 0// and detecti ng their expression using a^mb^^M ^ -^! e * pressm 9 A genes in 

Salmonella enteritidis produces curli whic ? require eSraSSfni^Hp } ' . ?• am PegatiVe patho 9 en 
visualize the curlin subunit in SDS-PAGE gels (61 ) tra ° rd ' nary denat uration methods to dissociate and 

to detern^S 

enzymatic conditions and concentrations a obsTn/Td by PAG^T™"' J?™ 6 
P. . Due to the aggregative nature of the pili, amino acid residues of thrm^' 8 TEM ' did not de 9 rade the 
or deavage by these proteases. Treatment of Mt She ■ e1^ m ?~n 7 acr ° m ° lecu 'e may not be accessible 
hat the p,|, are not composed of cellulose polymers M 74 The nTwJ ^ n ° effect ' de ™nstrating 
lysozyme (10 mg/ml) without effect, indicatL thffibers ire nZni a,S ? ' nCUbated at 37 ° C for 18 h with 
were extracted with 2:1 chloroform methanol anc founc f to rem^iS inT^ ™e purified pili 

indicates that the pili are not a non-polar lipid suKSEp I *e interface after centrifugation. This 
6 " gMection of antibody tn m JL~ f m "-! a " Ce ro " the mycobacterial cell wall. 

d fV°^^^^ An initial ^udy was 

infections. If such antibody could be detected \% ^oMluo^^Vf^ ™ ih ac «™ tuberculosis 
dunng natura| human jnfectjons iXS 9 ^ ^ tuberculosis P jli ar * P^duced /„ „Vo 

tuberculosis patients, admitted to the Institute Mexican^ del llnun * -T*,**™ ff ° m thirt y-six cavitary 
five healthy controls were obtained from Dr. Qui ^^mTLbilter^l f"'^ M °"l e ? y ' MeXIC ° and se ^om 
against purified Mtp preparations obtained from H37Ra usinalL n ? 58 StUd ' eS - The Sera Were tested 
desenbed. (69). Briefly, glass cover slips were prenared w,?h ' m H 7 t no f luores ^nce (IF) as previously 
PBS containing 3% formaldehyde overnight at 4^" The covers^ Pl " ^Tf™' and fixed with 

incubation at room temperature for 1 h in sera diluted 1 1 nnn c 6 With PBS followed °V 

(PBS/FCS). After thorough washing with PBS fo remove Iho h C ° n ' a,n,n 9 fetal calf serum 
h with goat anti-human IgG Alexa Fluor ^ samples were incubated for 1 

were washed and mounted on glass slides Mo^^Z^in^ PBS/FCS - The coversli Ps 
microscope using Metacam software. Strikingly w found I hat S * TE 2 °°° S fluo ^cent 

tuberculosis patients reacted very strongly 2 't he ^purified n~ 9 P^entege (60%) of the sera from 
considered the reaction positive when long fluorescent ^^ ^^ ^ 3A ' B ' C ' and D >' We 
patients' sera. No fluorescent filaments were ^bservS wi Mhl ™ TT- after ^cubation with the 

confirming the specificity of the reaction (date not t hnlT m 9 ? at ant| - huma n IgG. Alexa Fluor 488 alone 
controls did not react with Mtp fibers (Fig 3E) ' Shown >- More 'nterestingly, 5 of 5 sera from healthy human 

EUSA a^yl T^^SS^SZ ^^Zl^ ^T^ MtP ^ Was opined by 
patient sera, followed by incubation with anti-human TaG HRP ' '? cubated wit h serial dilutions of TB 
60% (n=36) had IgG titers greater than 3 2^ The EUSA analyses indicated that 

Mtp F.g. 4 . Nearly all the individual TB patienTse^ n=5 i dld T react significantly with - 

IgG titers higher than 3,200. Taken toaether th^f T ngly Wlth purified Mt P by IF, had anti-Mto 

tubercutosis during natural human^KSSS^ 1S^aE?!E that M * P ^ pr0duced b * *■ 

|p^iS^ 
C, - a -~^ 
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react with Mtp fibers (data not shown) Therefore «LJ n i '"" 

are immunologically distinct. h ^ these P rel,m, nary results suggest that the Mtp and Smp Dili 
8- Adherence of Mtp to extracellular mnt.i Cv+ 

fibronectin, collagen, lami nin, and vitronectin art \ -nV I- Extracellular matrix proteins (ECM) such a* 
microbial ' adhesion targets forco.oni^^ connective tissues and are fde a 

has affinity for ECM. For these experiments Jl " J "*™ Were done to determine if Mtp 
Mtp immobilized onto ELISA microtite Opiate weNs ^ tSSL^^"* Was em P ,oved 1.5« of 
addition of increasing concentrations of f ibronS ?amin^ h PBS Su P erb '°<* (Pierce) prior to the 
" a f m ^ (Sigma). After incu'bation an d 

XT ' ^n 86 monocl °nal anti-collagen IV antX^ anti " 
us ng a 1:5 ooo dilution of anti-rabbit o anti-mouse dSLwSE i" The f nt - ECM antibodies were detected 
detected using a TMB single solution subs rate fa^ZT^^T** (Sl ' 9ma) and this com P |e * was 
abso bance was read at 450 nm using a microt ter otata fLI il ° n , W3S St0pped with 1N HCI, and 
bind lammin and fibronectin in a dose-depender ™™lr ?J he reSUltS indicate that Purified Mtp fibers 

m%f^t:4mm^^M' The binding of the pili to laminin 

strongly implicates Mtp as an adhesin for 
M. tuberculosis. These results provides 
preliminary evidence for the role of Mtp in 
human disease as ECM proteins are 
important elements in the epithelial 
substrata of the lung and other organ 
systems which can be exposed during 
tissue damage due to an inflammatory 
response to a TB infection (46, 47). Thus, 
Mtp may play a role in M. tuberculosis 
adherence and colonization in the lung 
during infection. 9 
!- u 'trastructural analysis of h,^ li|Tr 
communities and d e mnnct, 3 *i mf 

- noth" arStr u Ct " rPS - - Map y environmental and 
pathogenic bacteria live in communities 
tightly associated to biotic and abiotic 
surfaces. These so-called biofilms are 
intrinsic ways in which the bacterial 
pathogens protect themselves from the 
fro^ Cida ' 3CtiVity of antimicrobial drugs or 
from the clearance mechanisms of the body 
(49). There are virtually no reports on the 
capacity of M tuberculosis to form biofilms. 
Plate-grown M. tuberculosis H37Ra was 
washed in HBSS and seeded at 10 7 
bacteria/ml onto glass cover slips in RPMI 
We captured the bacilli attaching to the glass 
a £f a ^ m after 'ncubation for 3 h at 37°C in 
It w f 2 atmos P nere . f o»owed by fixation 
with 3% formalin, and processing for 
scanning electron microscopy (Fig 6) The 
bacilli appeared to produce a massive" 
meshwork of fibrous matter (resembling pili) 
that tethers the bacteria, which we presume 
allows the formation of biofilm-like 
communities. Pili, such as type IV and curli 
have been implicated in biofilm formation 





Figure 3: Reaction of TB 
patient sera with 'purified Mtp 

Mtp (Fig. 2 A)' were reacted-with '■ 
I human 1 R pjiieni erai^J4" ' 

(A) HS7 (B),Hsr5(Q,liS2Q" ' 
; |D). and hcahhy..control-sera <E) 

and detected «.th ann-hunun > 
• fgG FITC-conjugate Positive 
r a tions(A-D>are-d p.cted b} 
presence of fluorescent fibers:' 
■/No reactivity wasobserved with '"' 
IieaMn control Vera (h i ■ 
Mai'., icatioi oi fluorescenci 
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favor establishment of the pulmonary disuse ?SZ?- *? Surface of epithelial cells and macroohaoes t„ 
data: i) that U. tuberculosis does croWiX^™!?!^.'? ""^rations arise from these Dreliminar*, 



Absorbance 25 
at 450nm 

2 



FiK- 4! Sera from TB patients react to 
purified Mtp. Sera from PB 
patient („h36) and (run, healthy controls 
IT" 5 ! werc <este 'i *>r Hie piesen'ce of auti- 
v, tp antibodies b}' EL1SA usmp : 

•mobilized Mtp libers. Most of the 
patient sera (60%) showed "a significant 
titer against Mtp fibers. Results presented 
obtained at sera 1 :3200 dilutions run in 
triplicate Thehorizontal lme'mJtcates rh* 
cut-off value of two times the average 1 ' 
r-I-ISA titer ; A, 5f , reading of healthy " 
control sera. 
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ua Extracellular Matrix Proteins 



Figure 5. Mtp binds to extracellular matrix 
proteins. Shown are the results of binding 
^reastng concentrations of fibronectin, laminin. 

collagen type iV to Mtp-coated ; 
tLISA plates D.ndmg was quant.tated bv ELISAat 
• > -Hied from 3 independent 

_! 
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Figure 6. Scanning electron micrograph otM. 
tuberculosis H37Ra bacilli (red arrows) adhering 
to a glass substratum. Note the presence "of a 
fibrillar mesh work (white arrows) tethering the 
bacteria, promoting bacterial interactions and the 
formation biofilm-like communities. Bar = 1 



D. RESEARCH DESIGN AND METHODS 
General Methods 

k ^Co^S « — epithelia, ce,,s and 

calls will ba maintained in RPM1 1640 ^u^S*?1^ta . T*." I ype Culture c °" e <*>n- A649 

L-glutamine, non-essential amino J*£u£EE&2 SSjS^h! 08 LT', ^°- 10% 

well tissue culture plates and allowed to adhere and oroZn fin^nn^ e S6eded al 10 cells into 24- 

before use in experiments. Suspension c^LotZZL°Z 1° con 1 f ! uenca al 37 "C in a CO, incubator 

maintained at 37°C in 5% CO, in RPMI 1M0 To^VcI macr0 P ha 9f llke ce " U-937 will be 

well tissue culture plates, antibiotic ™ c^s w°, b •fLe^oH^^'f'f U " 937 "> 24- 

described in our published prooedure (26). ViabilNy oHhelis ue^ JSf^J^f (25> aS 

will be monitored by trypan blue exclusion (27) and adhererS „L « adherence/survival assays 

blue-black method of Nakagawara and Nathan ram Our " umbers , w " 1 •» counted by the naphthol 

presence of mycoplasma 3 an ° Naman (28) ' ^ tlssue culture cells are routinely tested for the 

»^Sa^^ VeTOUS bl0od * "coll-Hypacue 

Adherent monocytes will be <>o^^S^SSSZS^^£ 9 C ° a,6d " 3SkS (133) ' 
monocytes/wel, in 1640 media containing 10% autoloo™« h,™ f teS at a concentration of 2 x 10 s 

in a CO, incubatorfor2to7 days be 'ulefn w^Zsw PuZZ Z 0 ™*^ °e incubated at37°C 
date™* Iby Wrightstain, and viability™,, ^ mSS^^^SS^ 

cdc^s^^ « ***** 

stock cultures at -70°C a ffi£SE£ Kher ModlebrooT 7°m , lub °™'°™ 9enes) will be stored aa 
containing 30% glycarol. Mycob^LtZl^L^^ll EST?? * eria ' ^ LB ^ Co/,] medium 
drops of a freshly thawed bacterial suspension t . Midd°ebrook ?m n a Lr , f P epar ? d by 8 P re **ng several 
37°C three weeks for M. tuberculosis three davs to Z ° fm , P 68 Wnlcn wi " te incubated at 

Middlebrook 7H9 medium. For gS of M iu£rlu losls H37Rv H^' Llau / d C"'t"res will to in 
(Plates and liquid) will include 10%!lc add-^ madia 

completed BSL-3 animal laboratory in™cTu*A*Z?r mice wi " done in °<" "ewly 

Experiments to clone M. fubercuSrW into a non oath™ ^ ? the Colle fl e °' ***•■ 

Biosafety Committee at the ZSZS, o^zona 2ffi^2E5£ ,, " 1, ■ ^ haVe been rep0rted ,0 ,he 

All infectious materia, win be handled^ a V^EtSTZEZ^Z"^ 'eve, 2. 
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Frederick Cassels, Ph.D ^ter rIpH f aVa / lab,e for M - ^e^/oSs%9 3(T n ^ ,T° th ' S PUrpose - 
extensive experience in th? h u d Army '"stitute, will assist tZ iL fu 1 ° Ur co " a borator, 
bacterial pi,j P (i 53 " 55 Pie ^1 chara *eriza ion and s tud of *! UdieS - He has 

Therefore, our collaborator Dr l ' 4rf//7 °^ ces ^es/^rf// piHha, we rP h!f 9 f that a " 0wed the 

approach, A Q ToF M m ass spectrom We f eqUipped and abte tc ^character l^fh * be indi 9^ble 
testing series of chem i™ 3^^^ c^'" ^ US6d t0 ana ^ e ^^^l^ nrnbtiae by a sim ' lar 

sequence Thi* de 9 rada tion methodology offers Z, T he ,ncre ased sensitivitv of 1 r 
Edman degradation have not rasuTt«3 h 1 the 1 pmo1 ra "9* Whe^n ore J™ ?, P d6S and P™«eins is 

squenoe anaiysis * y ,a, e d. *P* treated^ Pe^2S^edtT L c&° re 
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university of Arizona Biotechnology Center Tu« n A7 t 9 RS Wl " be synthesized to 95% ouritv hv tho 

mMmmmm 

i b sera. are reactive with native Mtp (by IF and 
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EL,SA,Se e^r^TZ^rT^ Friedman, Richaro i_. 

"« one or more of these peptides may possess pEe"^™" ' ube ™'°^ infection. It is possible 
are tnvolved in biogenesis of typt wTw Z 101 T*** f n6s in ,he chromoUme of P aerualnosa 

Sbe x used ;o t ,* a t l f a r o acid ^^^SES^™ the amino - 

p T £iiF^ 

protein data base utilizing the BLASTP oroaram to inn ? USed ,n sear ches of the GenBank-EMRi 

compared to protein .sequences deposited™^ S« n'XS 9 *"T " ank ' n9 ' * be 
As stated in the Background Section it h« k 9 e NCBI search program 

'STEST °" r ""J 0 " ' hat M * is ^VK^^M t0 h te 3 h ° m *9 °' Fip «hi wl,, 
^^^^ The plasmids will 
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the DNA during PCR amplification '"^ se O ue "<=ed to verify no errors were incorooratpH intr, 

« ^o P ^^ M ™' -»*** genes of a 

transformed in M. smegma/* lie wS I be used (ill Th' T alrea * ^"struoted in poly" and 

generated digoxfgenen (DIG)-labele robe foT J^fT"* by . C °'° ny blot hybridization usfog a PGR 
conta, ning pOLYG-rofe* Willie used a7a^sK^^? d . ard Pr ° t0C0,s < 26 >-' M. smtgmate 

DNA TheT 9 , th, ' S ? eth0d that Wi " ^CTa^r^g 8 .?^ ^ *° tWenty C,0nes wi " be 
□NA. These plasmids will be isolated and chararwLn k ?• nd 3 flankln 9 re 9 io ns of M tuberculous 
^gions that they contain, insert DNA ri SnS^o^Jh**™™ d ' l9est ana ^* to define the DNA 
subjected to BLAST alignment to the M. t^t^o^S^' T and the se ^ence will be 
method, ,t is anticipated that we will be able to ideS h B . ^ 356 In Tub ercuList (29). Using this 
2 Co^r ^ ?' bi09enesis in M - tube^ * "** P '" n stru ^ura, gene and potential other 

£ ^ d named PMm/mtpA-hyg. The dMJIoZL I exchan 9e vector pMJ10, a derivative of D PR?7 

5^u^ 

potential allelic exchange mutants will be p^pareJ and WpS ^ ° P8d l ° denature native Mtp Jysates of 

ans formants, and a polylinker for insertion ioi DNA into ZT^ re T s ' stance 9ene for selection of 
transform mycobacteria only via integration ink > , tec* Z ^ Therefore . the vector can efficiently 

3o " . 
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<Je™ta,ed allele Ltainin^^ 

b ot analyse will be done on the complemented m u anUo de m -Tr T™ 1 Both bM *"« Western 

many of the proposed studies in this g P rant apiftion (lis taoaln M "a" ?I Pr ° tein W0Uld be use ' ul " 
using the vector pQE (Qiagen) or P ET (Novagen) expression ^ ™ 1 be 0Verex Pressed by either 

recommend procedures. Bacterial cells will be har^es S?nH !T ten ? f °"° W,n9 the ^ufactures 
ba ch absorbed to nickel-NTA agarose u^dSS rnnH d t ISrUpted by sonica *°n. Total lysates will be 
w,H be washed, recovered by low speed SntXga^ 3 bUffer; The nickel a 9 a ^e 

urther washing, the His-tagged-MtpA protein Jte eMedSZlSJ i ° Cnromato 9 ra P h ic column. After 
imidazole, according to standard protocols Elated l His tMo^Mt a^m u " W ' th buffer c °ntaining 
remove urea and imidazole. SDS-PAGE Western blot an3 i!? PA , W '" be dia,y2ed a 9 ainst p BS to 
wHI be used to monitor purification of th ^protein 7vo£™ tW °- dimensiona ' flel electrophoresis 
^.gsare available ( g,utathione-S-tra^ 

identify the Mtp pilin structural gene ^alternative methods described below will be used to 

(143). T h ,s approach uses a conditionally replicafin vecVor t^t k ^ ? ^ T^ 0 ' ° f Bardarov et a/ - 
?n J\ n 9 th ' S SyStem Bardarov a "d associates haveTee ?h . f rep,,Cate * 3 °° C but not at 
n M. bov.s BCG and M. tuberculosis Erdman wrth effident ranf generate transposon mutant libraries 
transposon mutant library will be grown on " 7H^ADC IZ ni T ° f Tn5367 < 143 )- T ^ 

selection of mutants containing transposon insertion, r ? P 5 containin 9 kanamycin (20 pg/ml) for 
affinity-purified anti-Mtp antibody, a s p? e ^ wi " be donelsing 

produce Mtp. Alternatively, if a specific eryth^ bmry clones that ^ not 

HA experiments in Specific Aim No.3, seXn thS ^folK I ag 9' Utinated b X Mtp (see proposed 
the transposon mutant library for clones that do not saa^nZ l ™ A 3SSays ma * be use d to screen 
cons ruction of the Tn5367 transposon library in M tub^u^i^^ ' f Prob,eiTfe - arise in the 
—ted transposon mutagenesis library fn M^b^ 

andpos^^ 

mutants will be identified, isolated, and She chararte'nK ^f^,?' , ThUS ' mUltiple Mt P ne 9 at ^ 
mutants do not produce Mtp, To identify theTora^ a *° be used to ^ that the 

genomic DNA will be isolated from 20 toAO ^^^^Z 1 " 8 ^ the VaripUS mutants - 
gene inactivated by transposon insertion will be ,d e mifie7hv in^^ Mtp as previously described (26). The 
junction DNA sequences as primers (53) Th P n W A V 6rSe PCR ' usin 9 tne kn °wn transposon 

to BLAST alignment to the SrcS^^^ (400 to 600 bp) will be sub "cted 

against DNA and protein sequences depisftedT^nBS?^ Tu h be rcuL<st (29) and also compared 
will be able to identify the mt P A pilin rtnS^n?a&i£S o^n^ ^^pated that we 
in M. tuberculosis. y ™ Potentially other genes essential for pili biogenesis 

proposed experiments. M. smegmatls is ctoselyrefa ed to M„ °/ xp , r n s a "^oduoed Mtp in thi ~ 

hey are morphologically and antigenicaHy than Z M f sm ^atis does produce pili, 
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for the production of Mtp by colony immunoblottin usTio 2.T nmm ^' n B ™" colonies will be screened 
absorbed with M. smegmatis 1-2c cells tc "remove 9 a " v c r oT^ C r"^" miboa * thal wi " >» Pre 

r b !I C °A° ny blottin 9 for M 'P *» be eS^^J**- M smegma,* clones that 
Mo phologically, Mtp are curt-like in appearance whife Sml! ' F 33 P^viously described (69) 

^ h eX P reSSi0n and P roducti °" of «. ("berLTosi cSL ff^ 38 '° n9 rope -' ike bundles (** Fta D 
char 9 ,!" 6 ' e ? nic l ues - Plasmids from Mtp positive , done rifT. 3 !? Sh ° uld be readi| y detectable by 
charactenzed by restriction digest analysis to define tte DNA £t k Sd and the insert DNA wi " be 
wHI be done on DNA inserts often to twenty unique f clones and ?h ' '" ey COn,ain ' DNA sequencing 
BLAST alignment to the M. tuberculosis seLenr. di.Th ' ■ — — sequence obtained will be subjected fr, 
an ,c,pa,e d that we will be able to ide 3y£ In s rucri,r T r berCULiSt (29 >' Usi " 9 thi s methodtls 
Art P bi09ene sis in M. tuberculosis P C ' Ura ' 9ene and Partially other genes 

SH37Pr a ;,' n ! e ? C,i0nS Wi,h ,he se host cen ^ef We will l!atae S /h UCtUral ? 3ne will affect ' 

eptthetal 4lh m ^ c ' en, - mu,a " t s l ^d complemented mutan .1 adhe » " y ° f M ' <"»^ulosis H37Rv 

epithelial cells, U-937 macrophages, and human m™*. to adhere, invade, and survive within A549 

MmltT ■ U " 937 macro Plages, trthJ^^^^Z™™*' survive within A549 " 
tuberculosis inoculum that still contains pM wf have o^dT f b ' S '° ° b,ain hi£ > hly Aspersed M 9 * 



toxiritv in «,« ^' nign en °ugh to give countable ppi i k ♦ — V • 1 17 Inis MO s nol 

2 or 4 h h / ex f u er,ment - The bacteria will be incubated m 1 ^ POt SQ high as to cause host cell 

S^i^^^ — __^ h - trea ^ as described below, and incubated for 
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wells will not be treated with antibiotic AmSn at this cnnrpnt eXt ^, Ce " ular bacteria while set of 

effect on bacteria within the tissue cUtu/e eel 26 38 9lT Mnn k " ,S f u tracel,ular ba *eria but has no 
HBSS and at various time points lysed by ^JSt^JJ^^ W " W3Shed Several times with 
dilutions of lysates will be spread on 7H1 1 OADC aoar nil h "1 conta,nin 9 1% Triton X-100. Serial 
Plate counts for each strain are tabulated Thus th ^TjT^f^ at 37 C for 3 weeks before viable 
point will be calculated by subtracting ant^ bacteria at each time 

well) from antibiotic-untreated well plate ecu s CFL of K T ( ? FU ° f t0tal intrace ""'ar bacteria per 
Experimental controls of M. tubercSsH3^ ^7^ I ^ intracellular bacteria per well), 

media alone over the same timSSs wHI be dnnP tn tS mCUbated in RPMI-1640-10% FCS 

culture media alone. Alternative!^ microbe doe * not replicate in tissue 

adherence. This will include incubation at : 4'C o ^treatment ^ f internalization arid measure 
cytochalasin D or monodanyslcadaverine (1 75) internalization such as 

interna.^ "ft. f erentiate between attached and 

quenching by trypan blue of extrace.Mar lores^rt baS il Z !^^ F,TC - |abeled bacillus and 
intracellular organisms in the assay This a m^od thl?^, h determine numbers of adherent and 
Bordetelle pertussis with PMN (163) ^ers l^^^^ US6d t0 Study the '"nteract.ons.of 

E. coli, S. aureus, and M. tut^LhL^^T ^ methods to monitor phagocytosis of yeast, 
complemented mutants at 10 8 bacteria ml w I be labeted win %^ u ' os ' s ^-^ P«l deficient, and 
followed by centrifugation, and washing to remVv^resK f ° r 30 min at 37 ° C > 

and used as a control in these studies RTcTtel^ * f ™ n ? 50 be F| TC-labeled 

and at various time points (30 min, 1 2 4 and 8 fcel^ hp n t h ° St Ce " S aS described above 

culture cells recovered by use of small qlass bead, l!mn -E, ° R ' Ce ' mono,a y ers w ^hed, and tissue 
analyzed by flow cytometric ana ysTs using a Becton S™T °' T° Ut the additi ° n ° f «*>™ blue **« 
with host cells indicates total FlTC^a^S^T^^ h™ **° f meter (163) ^ Fluor .escence associated 

antibiotic. The coverslips will the be ^xedln 3V 1^2in P fr ° m Wells before treatment with 

acid-fast stained followed by GiemsS counter-' toinino CoZt^ °,i t 9 h laS l s,ides usin 9 Permount, and then 
using a Nikon TE 2000S ligLluores^ J?cro 8 ~2 to W h V th6n , be ° bserved Uhder °«-immersion 
host cells at various time points in th expe rimente To f ? rth pr the J eve '* of tota ' bacterial association with 
totercutosfe, utrastructural analysis wilta^ ^ b^ Sone us no hhh ? 'T^ 6 8nCe ° f pili on adherin 9 M - 
previously described (104). Briefly Se ed monolaveS nn n? T SEM of infected monolayers as 

postfixed in 1% osmium tetraoxide grated in ^ fixed in 3% forma ^> 

coated with a mixture of gold and paladium The sSS w 5 £ COnCen L rat,ons - critical| y P°'nt dried, and 
electron microscope avaLble for our useTn th Arizon S„S n* t™ 9 * Phi " ipS SCannin 9 
As positive and negative controls for the p esence o 'Z w ^' J V ' ° f Blotech nology Imaging Facility, 
preparations, as well as uninfected h^S^kn^ ' YP ! a ° d Pl " mUtant M ' tub ^culosis 
evidence of M. ^ercu/os^fibe Jlnvo^ed n ShSnStoffil^n SEM t stud -s will provide visual 
we will determine if these are Mtp by immunoqold SEM Th£ nl " amentous structures are observed, 

would suggest a role in host cell coloration P 656006 ° f fiberS 0n adherin 9 W - tuberculosis 

thepi^ 

S=S=^a^ 
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ce-s, U- 9 3, macrophages , or 
instructions w,N be incubated with host cells (w^^Z^^'*™^* by the ma ™" a cturer-s 
beads ; will be used as a control. The presence TfErS^Sff h ! nd then Wasned - Uncoated 
fluorescence microscopy, while bound pili or oilin Z Z '? 5 u T" " be observ ed directly by 
antibody followed by incubation with goa anti abM oS mZI n by F Q USinQ aff ''n'ty-purified anti-Mtp 
b°t.nylated.with amino-sulfo-biotin (Pierce) and IWnd ^teom^ T^ 6 '* Mtp fibers will be 
streptavidin conjugated to Alexa Fluor 488 and fl3^ P ° St Cells wi " be detecte d using 
— information^ 

SSTm' 7 PartiCU,ar ManLAM < 32 - 33) and the hlpS 

ManLAM plays a role in adherence of the m^rob k 2ll 9 hemagglutinin adhe ^n [HBHA] (39-42) 
important in adherence to epithelial ce Is 2 3,V macrophages v.a the mannose receptor while HBHA k 

ttse° adh P el° ^ ^ T ° 't^^*^ 

these adhesins. Mouse monoclonal antibodies to Kam llul 1°^ f ° 9 Specific antibodies against 
a Colorado State University, and anti-HBHA mn L ! n „ , Wl " be obta 'ned from the NIH TB contract center 

I hbM 

anti-HBHA to the adherence assay, as described abovp Z Th^ 9 • L n comb,nat| on with anti-Man LAM and 

combination in the assay. Preimmune rabbit seruh normal 1? A W '" also be tested separately and in 
controls By comparing the decrease in leve s of b^rteTf mou f ^erum, and buffer alone will be used as 

^^^^^^^^^^S^^l^ kn ° Wn that M - ^rculosis and other 
stlT S 0 /K° th f r baCterial P ath °9 en s can cale 11 is has b ^n reported that 

studies will be done to determine if Mtp may plav a rote n S 3 ? I 9 00 ° r autoa ggregation (92, 93) Therefore 
f^utos/s H37Rv, its isogenic pili mutant ^^^JT^' 08 '' 8 a9gre 9ation. Wild-type M. ^ 
Plates for production of Mtp Tas described in^he PrpZn^ cf^' 3 '"' Wi " be grown °" + glycerol aaar 
suspe nd ed as single cell suspension^ PBS^ Bacteria from plate's ITbe 9 

strain and placed into 15-ml conical tubes and the bactlLi " 1 °" ml al,quots wi " be removed for each 

ttr T w 0 P h ate H aSS w ayS be d0ne t0 t0 S6ttle at room temperature 

ime. Two hundred microliter samples of supernatant wM hi 1 of ba cterial aggregation (clumping) over 
intervals, over a 4 h time period, and adde to flat bo ttom m fr ° m the top of ea ch tube at 15 min 

supernatant samples will measured at OD 60C u no » Turbidit y ladings of the removed 

S? m & and com P |e -ented stra^) th W * h ' nCreased aggregation of the 
non-dumping bacteria (pili mutant) where absorbance readfnnc T 1 decrease ov er time as compared to 
tTZ l^ 'L the Pi,i mutant d emonstrates lower levels of aaSnSSn rema ' n C ° nStant ° r 0n| y slight| y 
Se th.n o t0 ^ he , mutant t0 determine if this >NoM^m^Z h™* COncentration ^ of purified Mtp 
case then one should observe a dose-dependent increase nf ^u I f d f crease 'n aggregation. If this is the 
.^ncreasing_ amounts of Mtp. W increase of pili mutant aggregation with the addition of 

iS '"e^ 3 ^^ A classic biological activity of many bacterial Dili 

Paction of pili, adherence, b^S^^^SST^ ^ " many C3SeS COrre,ates ^ 
some viruses. HA assays are also used as a standard' method t "Tl^ ,ndUde ETEC ' UPEC - B ordetella and 
P°vth ' r t eCept0rS - Thus ' studies «™ b e Performed I to sSS^h?" m-? f Mke atta chment of bacteria to 
erythrocytes (RBC) from various t^Jari^S^^^ 1 ** ° PUrified Mtp to agglutinate 

a'nd RhS 9 . C tH Ck6n ' C ° W ' horSe " go ° se - m 0il 2 raMu ke ^ sh ? P n HA 3SSays wil1 include 

and Rh + ) erythrocytes. HA assays will be performed a 4 26 ^ and 37^^ ^ type A - B - ° 

^il^^^ : : l!^! ^ 3705 '" 06 ' 1 has been ob ^rved that some 
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manner. To verify that the observed HA is duete ffin pvl agglutinated by Mtp in a dose-dependent 
ant^tp antibody which should inhibiMheHA 'a v^' SZetZ 2° beperformed in the P^of 
SSK" f 8 *- 8 S f C ' flC type of RBC is identif '"ed that temaaakrfiS?- be US6d 33 3 contro1 in thes e 

identify a putative host cell receptor on RBC using vaiousso^ T*l Mtp ' Studies wi " be done <o 
hemagglutmation activity. These will include sugars such 'a m^n? ^ com P°"nds to inhibit 
sulfated carbohydrates (fetuin, dextran sulfate c ^ 9 ^ galactose - dextran, various 

g ucosamme, ^-acetylgalactosamine, Ka^eZrt^^'J*?!™ 8nd fUC ° idan) as we " as ^^etyl- 
4)-galactose 130). Blockage of Mto HA bv Tf ' ^etylneuraminlactose, and galactose a-M 

cell carbohydrate receptors 9 P by add,t, ° n ° f SU 9 ars would be evidence that pili are binding to ho ^ 

^^^^ Studiespresentedinthe 
dependent manner. Laminin-binding XtZTb^^l^l ^l™' in particular to lami ™ a dose- 
tuberculos.s, M. leprae, and M. smegmatis 43-45 17?? n, P u V ° therS to be P r °duced by M. 
Mjbercu,osis adhesin by allowing ?he mtaSeto attach S^M 8 ? 0 ^ SU " eSt that Mtp ma * act as a 
Further s ud.es on Mtp binding to ECM will be done Confirm Z f^T'* adherenCe and c °'°nization. 
n» ym e "! ° f microtiter Plates will be coated with ZZTm, m e f tend ! hese In 't'a' experiments. 

lam.n.n and fibronectin and does not bind to coKn ?v1h hT/'™ ° Ur initia l studies that Mtp binds to 
Additionally, these studies will also determ ine whe'the E?M . W 2 e ? rmine * Mtp binds to lectin 
well as to Mtp peptides. By performing Sn fal f^^lw^r^ Mtp > MtpA P i,in m °nomer, as 
regions of Mtp protein are involved in adhenancelo ECM S,n T 9 n ^ tp pe P t,de ? we ™y be able to determine which 
antibody, anti-MptA pilin, and anti-Mtp pept de an ibodles wT°hT V ° f Mtp bindin 9 to ^CM, anti-M?p 

Mtp protein derivatives from binding to ECM ant ' b ° d,es w,n be used ln the ELISA assays to block Mtp and 

brains ECM w, also be done using the matrix 

FPM 6 ??n e f0 " 0Win9 the method of Rnk ef, ("K^fr ThiS baCterial adherence Tssay 
^1 / ° and , 5 ° M9/ml - As controls ' so ™ wi Is CUltUre p,ates wi " be coated with 

.tube, culos,s p,|, mutant, and the complemented strata S 10' h a ? ^ coated with B SA. Wild-type /W. 
ECM-coated wells and incubated at 37°C in a hum dified rn in £ ^ per ml in HBSS ' wi » be added to 
washed w.th HBSS at the various time points bound bacteha wSt ? ' ' I T** hWe,ls wil1 then b * 
7H9 containing 1% Triton X-100, and viable plate count w^Tw^ recovered by treatment with one ml of 
ro.L CUla i ed , by diViding the number of adherent CFL per wS bv thp nTl?^ J' 6 P6rCent adherence wi(l be 
Tan Tn^ 9 t0 E P M ' the Pili mutant should bind aKr numbed 'ZnT CFU lf Mtp P |a V a 

fnf m + de u monstra te the role of Mtp in binding to ECM Mn XT *[ " the . parental or the complemented 
ant, Mtp ant.body. If Mtp plays a role in bindinglc ECM Tthe o^n/^y^ ^ 3,50 be done usin 9 
orohifn?' 6 ^ 6 0fwi,d - t yP e bacteria and the comple^ in the assa y will decrease, 

problems arise with this methodology, ELISA plates roSed with J EC , M - coa ted wells. Alternatively, if 
of ECM as described by Marques et al (172) W ' th M ' /tv6ercu/o ^ will be used to monitor binding 

^-Mtp might playacriticalrole in themic^ 

7. Do yW. tuhftrniilnc-:** :i: _xr . . 



7 Do/w / /, ' " ^™ >«b within the 

act,vat,o„ of macrophages and T cells (122) fmicrobL ? dS '° ,he recruitme n' and 
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^^[^ S^*™^ -diators by both macrophages an d 

jn£ud,ng LPS, flagella, and pili from different S^/p^nS^ that SOme bacte " a ' Produ'cts' 
proinflammatory cytokines (123, 124,161,162) We a^^Z ^ 8 ^ 0 "^ 0 ^^^ 
proinflammatory cytokines by both human macrophages TnZ^ ^T^ 9 if Mt P causes Please of 
tuberculous pili. Previous studies by Bem^etaf ^Ji^^ 6pithelial cel,s in re sponse to M 
cells were stimulated to secrete varies cytokines (38) P ^ ^ infeCtion with M - tuberculosis, A549 

4 8, 16i 24 h Ce|| cu|ture ^ be isolaS Jt t h p-T ° add6d t0 the mono| ayers for 1 2 

determmation of cytokine levels. Secretion o cytokine 1 1n ^ r ^n'o 3 and fr0Zen at "70°C until, use for 
sandwich immunosorbent assays (R&D System o M' 3nd ) L * wi " be determined using ELISA 
technique (BD Bioscience) will be used to evaluate th ^zl^f™??^ The Cyt ° kine bead *™V 
simultaneously (125) The rvtnkin* CVdluare tne P resence of cytokines IFN-y TNF-a II -P 4 ^ 
instructions. eVa^a^ 1 ° 
groups of beads that differ in their fluorescence ntensity Th^ COated onto six di ^rent 
fn5 aSS® S f C,fiC antib °dies conjugated to phycoer? hrin lu^mL^ t0gether With a second 9™P 
h ?. ?" 8 Wi " be added t0 tne bead ^^T^^and^^^ the P in - treated macrophages 
beads w be washed and analyzed by flow cytomeCS^ a S?? for fl 3 h ° UrS at room temperature The 
core facias at the University of Arizona, Coltege o Xled idne ^ cSca '? flow c ytometer, which is part of the 
fnrl basedonknown counts of standard Xine a 

incubated with buffer only and host cells treated w i th P P D ( Mv r n p 3 °! C ° ntr °' beads ' Monolayers 
nega ,ve and positive controls, respectively, ftls anticipatid th* Mt^^ * 1 and 10 ^ ml - wi " be us ^d as 
pro.nflammatory cytokines by both human macrophages and ^^^^^oe the production of 
obtained using Mtp then the ability of wild-tvoe ?M tnh!r , 9 epithellal ce Hs. If positive results are 
determine if a difference in cytokine rete^ E ^ot "uThre^f PHi ^ wi..*e tested in th assay to 
^rlyantigen sensedby the h ost to respond^ 

aerosol model (126-128). A decreased ability o the Dili Z« ■ i analyzed .using a mouse respiratory 
would strengthen our hypothesis for the role of Mt D t 1 h " mUt3nt 4 ° Colonize and «"rvlve in mice 
done to investigate the potential protocti!^ Studies wi,. also"" 

1 " ^gggjo£ML flene inactivatinn n n cmL..-, ° ri ni n?r nst , tubercul °s's infections in mice 

Animals will be maintained under barrier wnd'itions^ 

ooZTnZ H f RV ' the Pili mutant ' and complemented mutaTw^n ^ Ch ° W 3nd Water ad ''Mum. M. 
optimal production of pili and used as inoculum fo these animal * h 9 T 38 P revious 'V described for 
tuberculosis via the aerosol route using a bacteria S n - J ' eS ' MlCe wi " be challenged with M 
mouse lungs over a 30 min exposure ^iod using ' KbrScS^ 11 ^ UCe50 to 100 ^illi inte the 
The aerosol chamber and tissue homt^n^tor^^^^^ f Glas " Co1 . Terra Haute, IN] (127) 
work using funds from this grant. Thfe woTk wil be Son! * Wl " be P urcha ^d for the p oposed 

lt?nnf J ° tHe Laborator y of Mycobacterial Diseased and H / Med ' C ' ne Sheldon L M ^is, 
stS p ValUati ° n and Research > F °A. in Bethi' da MD will i » ' "r" 0 ' 0 ^ 3t the Center fo 
stud^s Please see his Biographical Sketch and attached letter # t laborator for these animal 
extensive experience using this aerosol infection svstem Jf ♦ r ° f ^ ollaboration - ^. Morris has 
vaccine, m mice. He will help in the design SVheanffi the efficacy of new tuberculosis 

and others from his research group in the use o^m!^ trai ™9 «f Dr. Friedman 
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20. -d^L^I^^ 2.4. 6. 8, 10, 12, 10, 

. formaldehyde for histological anatai se biteir ^ ^t°^ a ? d f ' Xed 10% neutral Offered 
homogenized in 5 ml of 0 04% Tween 80 PBS Sn 1 1 ?o? 6 ' UngS 3nd the Spleens wi " be separately 
homogenates will be dilutee; I and pfate on 7H 11 rt^*" 8 ° h ° mogenizer < 127 >- Organ 

plate count determinations. It is expected that the Sn m / i appropnate antibiotics, for viable 
the lung, to persist and multiply in m ce as comn^rlH thf l'' e ^ h ' b,t decreased ability to colonize 
complemented mutant shou.d g7e simTa™ strain. The 

may play a role in initial lung colonization and in svstemir UIS P ,f , , u '* ,S also P° ss,b| e that Mtp 
the pili mutant may be detected in the splee .of infedS anK P P * ! UCh 3 r °' e then lower numbers of 

For histological analysis, fixed mouJe lunq ^^ifbe ZhLhh 8 H COmpared to the ^VPe parent, 
either hematoxylin/eosin or Lhl-Nee.so n sta ir and ^aSdtff^t'" P and stained with 

Arizona Veterinary Diagnostic Laboratory, XteUntorito rt^n iZ'T^ ThB Wi " be d ° ne by the 
for immunofluorescence assays or in immunoqolc iTEM Snn ^ ?W? Ue SeCt '° nS Wi " also be used 
bacteria are producing pili during infecKon of the mL! These s d^'m Li 0 '' { ° determine directly if the 
pathology present at the different time points V?"" the ' eVe ' ° f ' Ung 

inflammation and development of qranulomatnuTi*c ZZ k ? 2?™ the de 9 ree of lung damage, 
complemented strain HisE^ H37Rv,the pili mutant, and the 

<=^^ 

subcutaneous route with purified M? P a 10 50 or 00 nn in p m ' Ce H each > wi " be immunized via the . 
additional boosters at the same ant gen concent ion X ! ncomplete ad J uvant ™« then given two 

be obtained from mice and testedt^ f er Mtp ^^ization, sera will 

regimen has stimulated an immune ^ t0 Verify that the ^nation 

induce at least a strong humo™aM™ un ^ A^t ^ f ' f mma ' S Wi " be ^unized-longer to 
subcutaneously with 5 X 10* CFU o?M *ov* Ip^^SS^ ^ ^ Wi " be VaCdnated 
be treated with buffer injections Mtp-vaccinated micfw^hiVh , } ' it" 6 ,? negatlVe contro1 9 rou P wi " onl V 
receiving their final booster, while micTS t by * h . e aeroso1 route ' tw ° we eks after 

Mice will be infected with 50 to.100 <£J^ Week f a ^r immunization, 

chamber as described above. Mice will be ma ntaS hSnh JJ^- ^ r ° Ute USing a Middlebrook 

euthanized. Survival of vaccinated and 2? eybeCOme moribund and then they will be 

responses in Mtp-vaccinated mice and a vaccinated nrn, 5 £' i, d ° thls ' the humoral and cellular immune 
Akporiaye, an immunologisH th ^^^JLTJ^T^ ^ TB Wi " be 8tudi ^ : Dr Manuel 
Co.lege of Medicine will be a co labo^ Immunology, University of Arizona, 

experience studying the ceH-mediie fmmune '""""ology studies, He has extensive 
experience with ^he^rocedurTs that ^ and ha * direct 

collaboration and Biographical Sketch Akpor.aye's attached letter of 

above. Controf mfce^ in the ™" studies described 

used as a positive control in ?hese studied ^ th^u 9 rcS be j mmunized witb BCG and 
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and sacrificed 5 and 6 weeks later. Before death, blood will be recovered via bleeding from the orbital plexus 

1Z S Tp 7 a fT' b n iS n° lated ^ nti ; MtP 3ntib0dy tit6rS Wi " be determined via ELISA assays as dfscrited 

^ ei l° f t0ta " gG 33 We " 38 levels of lgG1 and '9 G2a isot VP es ™" be measured to determine 
whether Mtp induces either a Thl or Th2-type immune response (1 29) aeiermine 

In order to determine whether Mtp vaccination stimulates a cell-mediated immune response cytokine 
responses of mouse splenocytes will be determined using ex vivo analysis (134). Spleens from 5 mice from 

CD3 22S2Tr P f^H" ab °K e ^ P0 °' ed ' '^P^^s Purified over a Rco.l-Hypaque g ad ient 
CD3-positive T-cells will be enriched using a T-cell enrichment column (R&D Systems) following the 
procedure of Kob.e et al. (1 34). Thymocytes will be re-stimulated in vitro using Mtp antigen or PPD pulsed 
bone marrow derived dendritic cells [DC] (134). These DC cultures will be prepared and matured wi°h TNF-a 
as previously described (134). The DC will be primed 24 h before incubation with splenocytes by the addition 
rl M9 <f * 1 1 ? M9 ,°l : PPD (MyC ° S ReSearch) ' 0r buffer alone " Contro,s include ^DCalonfand T 

SS^fni h PnSf ^ W '" be C0H ? C ^ 72 h ' and the ,eve,s of IFN -Y. IL -4, and IL-10 secretion wNI be 
determ ned by ELISA using immunoglobulin specific for mouse cytokines (PharMingen). IFN-v cytokine 

vl^nl P tm ^ de ™ nstrated to be critical the development of a protective Snti-mycobarteria? immune 
S Th1 -type cytokines, SUCh 38 ,FN - Y - are Cfitical in Parting active TB disease (122). IL-4 and IL 10 
ttSn^in?' T ' S M^ a y ,c ndU ^ d 9 3 Th2 " ty P e immune res P° nse ^ * not optimal for cont ol of 
tuberculosis infections (122, 135, 136). Thus, by monitoring the level of IFN-y, IL-4, and IL-10 cytokine 

S^c^n 1 " rt SSayS we u wiN b , e able to elucidate what type of cell-mediated immune response Mtp antigen 
Lfttr TR fT' Th M? r6SUltS T'L be ™ mpared t0 levels of cellular immunity (cytokine production) induced 
after Sosd cha"^ vaccinated, and control mice, as described above, either 7 or 14 d 

tuh.m^t t Ud l eS Wi " a !f ° be d0n V° determine wnether immunization with Mtp restricts the growth of M. 
£ £F 6 t ' U , ngS and ,f P leen f s of aerosol-infected mice. Thirty days after vaccination with Mtp, BCG, or 
hSS h Bd C ° ntr0 m ' Ce Wl " be Infected Wlth virulent M. tuberculosis as described above. Numbers of viable . 
StpltL deter ™ n * d ,n , ,un 9 s , and spleens of these mice at 4, 9, and 1 6 weeks after infection by plate count 

nrS ! i rt R rrV oft? 0 ^ 3 * ° f m ° USe IUn9S Wi " alS ° be d0ne as previous| y described To inhibft 
growth of BCG from BCG-vaccinated mice and not M. tuberculosis, samples will be plated on 7H1 1-OADC 

BCG Sp 3 ^!?™ 9 2 " thi ° P il en f °f b °K XyliC f Cid hvdrazide ( 2 M9/ml). This compound inhibits replication of 
BCG while not inhibiting growth of M. tuberculosa (127). If Mtp vaccination is protective, lower numbersof 
bacteria should be recovered from the lungs and spleens of infected animals and lung pathology should be 
™Z?* e t aS c ° m P. ared . t0 the unimmunized control mice. The BCG vaccine group will be a good comparative 
model in these studies since it has been shown that this attenuated, live vaccine decreases mycobacterial 
numbers and decreases observed lung pathology in mice (127 128) 
E. HUMAN SUBJECTS. 



Normal volunteers age 18-60 will be used as a source of blood. From each subject, 100 to 200 ml will be 
thTSiSn f Ve L n , D , 0 , n0rS W i" be reimbursed * 30 ^ each blood donation. The blood will be used for 
the isolat on of human blood-derived monocytes, as previously described. Donors will be observed for any . 
complications. Comp cations include the possibility of bleeding from the vein puncture site, dizziness and 
n^Lll ? e c e are , atlVe u ly far ! ! Ven ?- The investi 9 ator wi » obtain consent after careful explanation of the 
nnTrprhPnff a tT P H S investi 9 ator wi " not have access to personal information. There is 

° b f tp lr d0n °: s under 90'ng this procedure. We believe that the information to be gained from the 
proposed study will be of substantial scientific value . 
F. VERTEBRATE ANIMALS. 

nrnnn^fnT 01 miCe (a t0tal ° f a PP roxi mately 300) will be used in studies as 

proposed in Specific Aim No. 4. Mice will be challenged with M. tuberculosis via the aerosol route using a 

^innTLiHH Pe h SI0 , n ^ V S" ^T^? , 5 ° t0 100 baCilli int0 the ™.puse.lungs over a 30 min exposure period 
hnm 9 oL M n ' ddle f r °° chambe ;.t G 'as-Col, Terra Haute, IN] (127). The aerosol chamber and tissue 

Sw ^h 56 d ' eS f Urchased for the P^Posed work using funds from this grant. 

It L univP I t rT ' n OU ^n Wly C °J?F '? 6d BiOSafety Leve '- 3 animal laborator y in the A n'mal Care Facility, 
tl I h ° f AnZOna C0 " ege ° f MedlCine - Sheldon L Morris . Ph -°:. Chief of the Laboratory of 

K S^r a Ln??r" ana ft l,Ula / ln ? mU " 0l09y • 3t the Center for BiolQ 9 ics Evaluation and Research, FDA, 
attac^d ^Iph'p^ f k 3 ^ ollab ° ra fo;fo rth u e se animal studies. Please see his Biographical Sketch ana- 
attached letter of collaboration. Dr. Morris has extensive experience using this aerosol infection system to 
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1. Initial biochemical characterization of mycobacterial pili . Due to the difficulty encountered 
using traditional biochemical techniques to resolve the composition of the purified Mtp pili fibers 
(Preliminary Work, section 5) a more direct approach was employed involving a combination of 
enzymatic and chemical manipulations followed by analysis using liquid chromatography and tandem 
mass spectroscopy (LC-MS/MS). Our earliest attempts at dissociation of the fibers into the pilin subunits 
suggested that the pili resisted the various biochemical/chemical treatments. Also, due to the large 
molecular mass of intact fibers; the purified pili were unable to enter gel matrices during electrophoretic 
separation. To surmount this difficulty we have turned to our collaborators Frederick Cassels, Ph.D. at 
Water Reed Army Institute (see Letter of Collaboration) and Sonja Hess, Ph.D., Mass Spectrometry 
Facility, NIH/NIDDK, to analyze the purified pili from M. tuberculosis directly in solution. 

Pili isolated from three different M. tuberculosis strains [H37Rv, CDC 1551, andH37Ra 
(Preliminary Work, section 3)] were examined in an effort to identify a common component present in all 
three pili preparations. Dilute acid hydrolysis normally hydrolyzes peptide bonds at either side of Asp 
and Asn to generate fragments. A small amount of purified Mtp material was placed in a sealable tube to 
which 1.1 pi of concentrated HC1 (constant boiling quality) was added with 500 pi water. The tube was 
degassed and nitrogen was added to protect the sample from oxidation. The sealed tube was subjected to 
boiling at 108°C for 4 h, material reconstituted in 10-100 pi water, and the samples analyzed by LC- 
MS/MS using a QTOF2 instrument (Waters, Milford) (see Goals and Objectives No.l). Masslynx 4.0 
was used to generate pkl files from mass spectral data. These pkl files were submitted to inhouse 
MASCOT searches allowing for 0.8 Da peptide mass tolerance and 0.2 Da fragment mass tolerance. 

Upon examination of the LC-MS/MS results, it was found that all three samples analyzed had one 
common peptide fragment having a monoisotopic mass (Mr) of 1086.55 Da and a sequence of 
PGAAPPPPAAGGGA (aal01-l 14) (Figure 1A). Mascot uses a probability based score and in all cases, 
the identification of the the fragment 101-1 14 was considered statistically significant, indicating a true 
identification. Furthermore, two of the samples produced only this peptide following acid hydrolysis 
indicating the relative purity of the analytes. Obtaining identical results using three different digested 
Mtp samples strongly suggests that the identified fragment (Figure 1) represents a portion of the 
Mtp structural subunit, the MtpA pilin. 

2. Bioinformatic analysis of the putative pilin £ene . Database BLAST searches indicated that the 
identified peptide sequence (Figure IB) matches the predicted protein encoded by M. tuberculosis strain 
H37Rv ORF Rv3312A and strain CDC 1551 gene MT3413 (Figure 2). Additionally, the identified 
sequence is also found in M. bovis ssp. bovis AF2212/97 as gene Mb3314c. The available genome 
databases of other mycobacterial strains were also examined to determine the conservation of the putative 
mtpA gene across mycobacterial species. The pilin gene was found to be absent in the other 
mycobacterial genomes, indicating that the gene is restricted to members of the M. tuberculosis 
complex. It is notable that mtp A is absent in M. smegmatis strain mc 2 155 and supports our observations 
that the pili produced by the fast growing saprophyte are biochemically distinct from Mtp, as suggested 
by the morphological observations and antigenic differences reported in the preliminary data section 
(Preliminary Work, section 2 and 4). Outside of the indicated mycobacterial strains, the putative mtpA 
gene does not have any similarity to any prokaryotic or eukaryotic sequences deposited in the databases at 
NCBI. The putative mtpA gene is one of three conserved hyothetical proteins surrounded by intermediary 
metabolic genes (Figure 3). Because most pili characterized belong to Gram-negative bacteria it is not 
surprising that the genomic organization of mtpA in M. tuberculosis H37Rv does not resemble known pili 
biogenesis operons. 
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3. Production of antibodies against MtpA . Antibodies will be used to determine if the identified 
protein from the purified pili samples is indeed the structural subunit MtpA using immunolabelling 
techniques. If the identified protein sequence represents MtpA, then antibodies derived against that 
protein will recognize Mtp fibers in TEM-immunogold and immunofluorescence assays. An 
immunogenic peptide was selected from the deduced protein sequence obtained from the Tuberculist 
database (Figure 2). Peptides were synthesized (Zymed Laboratories) and the amino-terminal cysteine 
residue of the molecule was used for a single point, site-directed conjugation to KLH to increase the 
immunogenicity of the peptide. The resulting hapten-peptide immunogen is presently being used to 
immunize rabbits and the production of antisera against the putative MtpA monomer is in progress 
(Zymed). The sequence data was utilized to design PCR primers and the putative mtpA, with specific 
Ndel and Xhol restriction sites, was amplified (data not shown) for producing an in-frame N-terminal 6X 
His-tagged MtpA protein using the Escherichia coli expression vector pET15b (Novagen). Production of 
the His-tagged MtpA is in progress and will be useful in Western blotting experiments with the rabbit 
anti-MtpA antibody being produced as described above and in studies proposed in the grant application 
(Goals and Objectives No.l, section 3). 

4. Production of Mtp-deficient M. tuberculosis mutants . The MS analysis described above 
provides strong suggestive evidence that the identified sequence is MtpA. Therefore, the ORF encoding 
the identified product has been targeted for disruption and deletion using two different techniques 
successfully used by our laboratory and other research groups. The first approach, already in progress, 
involves allelic exchange to introduce an mtpA-hyg allele into the chromosome using the conditionally 
replicating suicide vector pMJIO to generate a mtp A disrupted mutant of M. tuberculosis (Goals and 
Objectives No. 2, section 2). The second approach, also in progress in our laboratory, involves a 
newer technique for generating M. tuberculosis targeted mutations using the specialized 
transduction system developed in the laboratory of Dr. William Jacobs, Jr. at Albert Einstein 
University. We have already obtained this transduction system from Dr. Jacobs. PCR primers have 
been designed and utilized to amplify upstream and downstream regions of approximately 1000-bp for 
each product flanking the putative mtpA ORF (data not shown). The products will be directionally cloned 
into MCSs flanking the hygromycin cassette located on the cosmid pYUB854 to produce allelic exchange 
substrates (AES). This construct, pYUB3312, contains the upstream and downstream regions from mtpA 
in their original genome organization separated by a hyg cassette and will be used to generate a mutant in 
which the entire mtpA between the cloned upstream and downstream arms will be deleted from the 
chromosome. The hyg cassette also contains DNA binding sites for resolvase that will allow for 
unmarking the deletion, if desired. The recombinant cosmid pYUB33 12 will be introduced into the 
conditionally-replicating phasmid vector phAE87 and the recombinant shuttle cosmids will be purified 
from E. coli transductants. The purified cosmids will be used to transfect M. smegmatis cells at the 
permissive temperature of 30°C and plaque purification will be used to recover mycobacteriophage- 
packaged DNA molecules. The desired mutant will be obtained by transduction of M. tuberculosis cells 
at the non-permissive temperature of 37°C to limit phage replication. Allelic exchange occurs by a 
double crossover event between the homologous regions surrounding the mtpA gene. Mutants will be 
selected on antibiotic containing medium to identify the desired clones. 
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Figure 1. Tandem mass spectroscopy fragmentation pattern of the acid hydrolysate produced from Mtp 
samples (A), actual identifications are indicated in red (bold) and theoretically possible fragments are 
black (B). 



MLARSLSYRH RMYRFACRTLMLAACILATGVA GLGVGAQSAAQTAPVPDYYWCPGQPFDPA 



Figure 2. Predicted amino acid sequence of M. tuberculosis H37Rv gene Rv3312A and M. tuberculosis 
CDC1551 gene MT3413. Bold sequence indicates the peptide fragment identified by LC-MS/MS as 
described in the text. Shaded sequence represents the synthesized peptide used as an immunogen to 
generate antisera to be utilized in ongoing studies to identify the pili structural subunit. 
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Coding sequences: 
— * v i ru I ence, detox, adapt 
— * information pathway 
— ► stable RNfl 

i ntermed i ary metabo I i str 



► lipid metabo I ism 

► ce I I wall, process 

► IS/phage 



Figure 3. Genome organization of putative mtpA region in M. tuberculosis H37Rv. The arrowhead 
denotes the ORF coding for the identified protein as described in the text. Display obtained at: 
http://genolist.pasteur.fr/TubercuList/. 



